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POLYMERIC SURFACE COATINGS 
This application in a continuation-in-part of serial 
no. 08/475,620 filed 7 June 1995 (pending) which was a 
continuation-in-part of serial no. 08/175,348 filed 7 March 

5 1994 (now US 5,648,442). 

Background of the Invention 

The present invention relates to new polymers, 
processes for producing them and processes for coating 
surfaces with them. The invention also provides improved 

0 processes for producing certain monomers and to certain new 
monomers used to obtain the polymers. The polymers are 
useful for coating surfaces of devices and materials which 
come into contact with protein-containing solutions and 
biological fluids, and rendering the surfaces bio- and 

5 haemocomaptible. Surfaces may thus be rendered suitable 
for prolonged contact with living tissues and body fluids 
and with protein-containing solutions. 
Relevant Prior Art 

Materials used in the manufacture of separation 

0 substrates and devices, blood contacting devices contact 
and intraocular lenses, and other devices which are used in 
contact with protein-containing or biological fluids must 
be selected on the basis of acceptable physical and 
mechanical properties and compatability with the protein- 

5 containing or biological fluid. For any given application 
of these materials it is usually difficult to optimise all 
of these considerations simultaneously and a compromise 
must be reached often resulting in less than optimal 
performance. For example, major biological problems are 

0 often encountered with materials which have otherwise 
optimal mechanical and physical properties. These problems 
often manifest themselves as undesirable deposition of 
biological components and in particular proteinaceous 
material. This protein adsorption results in blood clot 

5 formation in blood-contacting materials, the adsorption of 
tear components onto contact lenses resulting in deposit 
formation, formation of deposits on intraocular lenses and 



in separation media it results in blockage and failure of 
separation devices. Such effects lead to significant loss 
in operational performance and often complete rejection and 
failure of devices. 

In the case of medical devices, for example prostheses 
and components of blood dialysis equipment, it is common 
practice to employ biocompatible polymers to form at least 
the surface of the devices to discourage protein 
adsorption. However, these materials are not perfect and 
reaction with the living tissues still remains a problem; 
for example surface-induced thrombosis is still a major 
difficulty, particularly where large quantities of blood 
are contacted with a foreign surface such as in artificial 
lungs and kidneys. Formation of a clot in an artificial 
organ has a number of adverse or even catastrophic effects 
including occlusion of the blood pathway in the 
extracorporeal system, or embolism if the clot breaks off 
the artificial surface and lodges in a host blood vessel. 
Dialysis membranes, heart valves,, circulator-assist 
devices, blood substitutes and artificial lungs all share 
this problem. 

It is known that materials for use as biocompatible 
coatings should ideally: 

(a) be capable of reproducible manufacture as pure 
materials; 

(b) be capable of being coated onto surfaces without being 
degraded or adversely changed; 

(c) have the requisite mechanical and permeability 
properties required for the specific function of the 
device for which they are intended; 

(d) be sterilisable without adverse changes in, for 
example, permeability and mechanical or surface 
properties ; 

(e) not be damaged or degraded by the biological 
environment; 

(f) not be carcinogenic. 



In applications involving direct contact with blood 
further restrictions exist. Materials should not: 

(g) induce significant platelet adhesion; 

(h) interfere with the normal clotting mechanism; or 

5 (i) cause any significant damage to the cellular elements 
or soluble components of the blood. 

There have been many attempts to prepare 
biocompatible, and specifically blood compatible (i.e. 
haemocompatible) , surfaces, which do not activate the blood 

10 coagulation process and do not promote thrombus formation. 
Examples of such attempts include the preparation of 
negatively charged surfaces, such as by use of anionic 
polymers or suitable oriented electret polymers, 
preparation of surfaces coated with the natural 

15 anticoagulant heparin or synthetic heparin analogues, 
preparation of surfaces with inherently low surface free 
energy such as by use of silicone rubber, preparation of 
albumin-coated surfaces, and preparation of surfaces coated 
with compounds such as some polymethanes which are thought 

20 to adsorb albumin preferentially from blood. All of these 
however have had limitations. 

We have now devised new film-forming polymers which 
can be used to coat surfaces. It has been found that these 
copolymers may be used to provide stable coatings on a wide 

25 variety of surfaces including, polyethylene, PVC, steel and 
poly(imide). The invention also provides physiadsorbable 
polymers which when used to coat surfaces, do not swell, to 
any significant extent, in aqueous environments; in some 
situations swelling in aqueous environments can reduce the 

30 stability of coatings of physiadsorbable polymers on 
surfaces . 

The polymers which contain zwitterionic groups, mimic 
the zwitterionic structure of phospholipids such as 
phosphatidylcholine and sphingomyelin which are the major 
35 components of the outer membrane of all living cells. In 
this way the present invention seeks to provide a 
biocompatible surface on a coated substrate at which the 



deposition of proteins and cells at the substrate is 
minimised when the coated substrate comes into contact with 
a protein-containing solution or biological fluid. 

In addition a variety of ligands may be attached to 
5 the polymers of the present invention when coated onto a 
substrate. Alternatively ligands may be attached to the 
polymers prior to coating on a substrate, e.g. when the 
polymer is in solution. The polymers of the present 
invention may therefore provide a means of attachment of 

10 such ligands. The term ligand includes, but is not limited 
to, specific binding agents such as immunoglobulins and 
associated fragments thereof such as those useful for 
affinity separation and diagnostic applications, 
photosensitive and chemisensitive moieties such as those 

15 useful for detector and sensor applications and therapeutic 
agents useful for clinical applications. Other ligands 
include peptide fragments which may be chemically linked to 
a polymer of the invention, such as fragments which induce 
cell attachment and may therefore be used to allow the 

20 polymers of the present invention to provide cell seeding. 
Summary of the Invention 

The present invention provides a polymer of one or 
more radical polymerisable, preferably ethy lenically 
unsaturated, monomers, which polymer has pendant 

25 zwitterionic groups bearing a centre of permanent positive 
charge and other pendant groups capable of stably binding 
the polymer to a surface. Such coatings bind to surfaces 
with good adhesion and are not removable in the environment 
in which the coated surfaces are used, e.g. in use as a 

30 coating on a blood-contacting surface. 

Zwitterionic groups mimic the structure of the head 
groups of phospholipids in cells. Without wishing to be 
limited by this theory, it is thought that the presence of 
such groups at a surface renders the surface more 

35 biocompatible. 

The extent to which a polymer renders a surface 
biocompatible may be assessed as a combination of factors 



5 

such as reduction in the extent to which the surface causes 
blood platelet activation, protein adsorption, (for 
instance as judged by absorption of fibrinogen from human 
plasma) and reaction with C-reactive protein which is 
5 caused by the presence on the surface of isolated 
zwitterionic, e.g. ) phosphate ammonium ester groups. 
Preferably the polymers of the invention when coated onto 
a substrate, provide a reduction in platelet activation of 
at least 70% , more preferably at least 90%, as assessed by 

10 the assay described hereinafter compared to an untreated 
substrate. It is also preferred that the polymers of the 
invention, when coated onto a substrate, provide a 
reduction in fibrinogen absorption of at least 60% as 
assessed by the assay described hereinafter and a protein 

15 index of less than 1.5 x 10* compared to an untreated 
substrate. The protein index is defined as the ratio of 
the absorbance due to C-reactive protein measured in the 
assay described hereinafter to the reduction in fibrinogen 
adsorption. 

20 The nature of the groups capable of binding the 

polymer to a surface will be selected depending upon the 
nature of the surface which it is intended to coat with the 
polymer. Where the surface is hydrophobic, groups capable 
of being physisorbed at the surface may be used to bind the 

25 polymer to the surface. Where the surface is hydrophilic 
and bears functional groups then groups which are capable 
of reacting with surface functional groups to form covalent 
bonds may be used to bind the polymer to the surface. 
Where the surface is charged then groups bearing ionic 

30 charge may be used to bind the polymer to the surface by 
ionic interactions . 

Polymers of the invention may therefore bind to a 
surface by physisorpt ion , covalent or ionic bonding 
depending upon the precise nature of the surface. In 

35 certain cases it may be possible to use two of these 
binding mechanisms in combination. 



In the present invention the polymer must include 
reactive groups capable of forming covalent bonds with a 
substrate surface of with coreactive groups on the polymer 
to cross-link it at the surface after coating. For 
5 polymers which cross-link initial surface binding may be 
provided by hydrophobic or ionic bonding. 

It will be understood that throughout, where a group 
is referred to as capable of binding a polymer to a surface 
this is intended to mean stably binding. 

10 Where a hydrophobic surface is to be coated, alkyl 

groups of 6 or more carbon atoms, or fluoroalkyl groups, 
optionally having one or more etheric oxygen atoms 
interrupting the carbon chain, and optionally containing 
one or more carbon-carbon double or triple bonds, or 

15 siloxane groups, preferably containing from 1 to 50, more 
preferably 5 to 30, silicon atoms, may be used as the 
pendant groups capable of binding the polymer to a surface. 
Such groups are capable of forming strong secondary valence 
interactions with a surface, and being physisorbed at a 

20 hydrophobic surface, i.e. adsorbed without formation of a 
covalent interaction. 

Thus according to the invention there is provided a 
polymer obtainable by: 

(i) copolymerising a radical polymerisable, preferably 
25 ethylenically unsaturated, zwitterionic comonomer and a 

radical polymerisable, preferably ethylenically 
unsaturated, comonomer bearing a reactive group; or 

(ii) polymerising a radical polymerisable, preferably 
ethylenically unsaturated, monomer containing a 

30 zwitterionic group and a reactive group capable of 
covalently binding the polymer to a surface. 

Such a polymer may be a copolymer comprising residues 
of a radical polymerisable, preferably ethylenically 
unsaturated, comonomer containing a group bearing a centre 

35 of permanent positive charge and a radical polymerisable, 
preferably ethylenically unsaturated, the comonomer bearing 



a reactive group is capable of covalently binding to a 
surface, and/or of crosslinking the polymer* 

In the specification the definitions of groups as 
reactive and as functional are intended to be of the same 
5 scope unless the context indicates otherwise. 
Detailed Description of the Invention 

The invention is directed to a process of coating in 
which a coating composition contains a substantially non- 
cross-linked polymer formed by radical polymerisation of 
10 radical polymer isable monomers including 

i) a zwitterionic monomer having the formula: 

Y-B-X (I) 
wherein B is a straight or branched alkylene, oxaalkylene 
or oligo-oxaalky lene chain optionally containing one or 
15 more fluorine atoms up to and including perf luorinated 
chains, or if X contains a carbon-carbon chain between B 
and the centre of permanent position charge or if Y 
contains a terminal carbon atom bonded to B, a valence 
bond; 

20 X is a zwitterionic group selected from groups IVB, 

IVC, IVD, IVE and IVF in which group IVB has the formula 



25 



-+N - 



N - (CHOj-SCV ( IVB) 



wherein the groups R # are the same or different and each is 
hydrogen or C,.., alkyl and d is from 2 to 4 ; 
group IVC has the formula 
30 O 

-O-P-0- ( CH t ) ft -N* ( R T ) s ( IVC ) 

0* 

35 where the groups R 7 are the same or different and each is 
hydrogen or alkyl, and e is from 1 to 4 ; 

group IVD has the formula 



35 



CH z -0-P-0- ( CH*) ,-*N ( R f ) 3 ( IVD) 

5 -[0] z -CH O" 

CH 2 -0-R g * 

wherein the groups R* are the same or different and each is 
hydrogen or alkyl, R f * is hydrogen or a group -C(0)B l R 8b 

10 wherein R* b is hydrogen or methyl, B 1 is a valence bond or 
straight or branched alkylene, oxaalkylene or oligo- 
oxaalkylene group, and f is from 1 to 4 ; and if B is other 
than a valence bond z is l and if B is a valence bond z is 
0, if X is directly bonded to an oxygen or nitrogen atom 

15 and otherwise z is 1; 

group I'VE has the formula 

O 

- [0],-CH*-CH-CH t -0-P-0- (CH X ) ,-*N (R $ ) 3 (IVE) 
20 | 

O-R 9 * 

wherein the groups R* are the same or different and each is 
hydrogen or C,-C., alkyl, R** is hydrogen or a group - 
25 CCOJB^R**, wherein R n is hydrogen or methyl, B* is a valence 
bond or a straight or branched alkylene, oxaalkylene or 
oligo-oxaalkylene group, and g is from 1 to 4 ; and 

if B is other than a valence bond z is 1 and if B is 
a valence bond z is 0 if X is directly bonded to an oxygen 
30 or nitrogen atom and otherwise z is l; and 
group IVF has the formula 
R^-CH* 0 

CH-O-P-O- ( CH Z ) h N* ( R 16 ) 3 ( IVF) 

-[0] m -CH» O- 

wherein the groups R 10 are the same or different and each 
is hydrogen or C,.< alkyl, R UM is hydrogen or a group - 
C(O)BV 0b wherein R 10 ' 4 is hydrogen or methyl, is a valence 
bond or a straight or branched alkylene, oxaalkylene or 
oligo-oxaalkylene group, and h is from l to 4 ; and 



40 



10 
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if B is other than a valence bond z is 1 and if B is 
a valence bond z is 0 if X is directly bonded to the oxygen 
or nitrogen and otherwise z is 1 and 

Y is an ethy lenically unsaturated polymerisable group 
selected from 

R 
I 

CH^ = C-C-A- and 




wherein: 

R is hydrogen or a alkyl group; 

A is -O- or -NR 1 - where R* is hydrogen or a C X -C A alkyl 
15 group or R 1 is -B-X where B and X are as defined above; and 
K is a group - (CH Z ) p 0C (O) - , - (CH Z ) p C (O) O- , 
(CH>) p OC(0)0-, -(CHjJpNR*-, - ( CH*) p NR Z C (O) - , -£H*) (O) NR 2 - , - 
(CH 2 ) p NR*C(O)0-, -(CH^OCfOJNR*-, - ( CH*) p NR*C (O) NR 2 - , (in 
which the groups R* are the same or different) -(CH 2 ) p O-, - 
20 (CH 2 ) p S0 3 -, or, optionally in combination with B, a valence 
bond and p is from l to 12 and R*" is hydrogen or a C^C* 
alkyl group and 

ii) a monomer having a reactive group of the formula 
general formula (XII) 
25 Y*-B 7 -Q 3 (XII) 

where Y* is an ethylenically unsaturated polymerisable 
group selected from 

\ 

30 H,C=C-C-T and 

II 
O 

where R** is hydrogen or C^-C* alkyl; 

T is -0- or NR* 7 - , wherein R* 7 is hydrogen or a C x -C< 
35 alkyl group or R* 7 is a group -B 7 Q S ; 

B 7 is a valence bond a straight or branched alkylene 
oxaalkylene or oligo-oxaalkylene group; 

K * is * group -(CH t ) t 0C(0) - (CH) q C (O) O-, 
-(CH^OCfOJO-, -(CH^NR 20 -, - ( CH*) ^R^C (O) - , 
40 -(CH^CtOJNR 10 -, -(CHiJ^CfOlO^ - ( CH*) ^OC (O) NR 20 - , 




10 

-(CH 2 ) tl NR 20 C(O)NR 20 - (in which the groups R J0 are the same or 
different), -(CHJ./D-, or - (CH,) (J SO<- , or a valence bond and 
q is from 1 to 12 and R^ 0 is hydrogen or a C X -C A alkyl 
group; and 

5 Q K is a reactive group selected from the group 

consisting of aldehyde groups; silane and siloxane groups 
containing one or more substituents selected from halogen 
atoms and C^-alkoxy groups; hydroxy 1; amino; carboxyl; 
epoxy; -CHOHCH^Hal (in which Hal is selected from chlorine, 

10 bromine and iodine atoms) ; succinimido; tosylate; trif late; 
imidazole carbonyl amino; optionally substituted triazine 
groups; cinnamyl; ethy lenically and acetylenically 
unsaturated groups; acetoacetoxy ; methylol; and 
chloroalky lsulphone groups; acetoxy; mesylate; carbonyl 

15 di (cycloalky 1 carbodi imidoy 1 ; and oximino; 

is coated onto a substrate surface having pendant 
reactive group and, after coating, the pendant reactive 
groups or polymer and surface are reacted whereby covalent 
bonds are formed between the polymer and the substrate. 

20 Preferred groups Q 3 are aldehyde, reactive silane and 

siloxane, amino, epoxy, CHOHCH Hal (in which Hal is 
halogen), succimimido, tosylate, trif late, 

imidazolecarbonyl amino and optionally substituted triazine 
groups . 

25 In one embodiment the polymer is obtainable by 

(i) copolymerising the zwitterionic monomer, the 
monomer having a reactive group and a radical 
polymerisable, preferably an ethylenically unsaturated, 
comonomer containing a radical polymerisable moiety and an 

30 alkyl group of 6 or more carbon atoms, which alkyl group 
optionally contains one or more etheric oxygen atoms and 
optionally one or more carbon-carbon double or triple 
bonds, or a f luoroalkyl group which optionally contains one 
or more etheric oxygen atoms and optionally one or more 

35 carbon-carbon double or triple bonds, or a siloxane group; 
or 
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(ii) polymerising a radical polymerisable, preferably 
ethylenically unsaturated, monomer containing a 
zwitterionic group and an alkyl group of 6 or more carbon 
atoms, which alkyl group optionally contains one or more 
5 ether ic oxygen atoms, or a fluoroalkyl group which 
optionally contains one or more ether ic oxygen atoms, or a 
siloxane group with the comonomer having a reactive group. 

In this embodiment, preferably the polymer is a 
copolymer comprising residues of a comonomer containing a 
10 physisorbable group and as well as the zwitterionic monomer 
and monomer having a reactive group. 

It is also preferred that the physisorbable group is 
an alkyl or fluoroalkyl group optionally containing one or 
more carbon-carbon double or triple bonds. Such a group 
15 may contain one or more etheric oxygen atoms, but in an 
especially preferred embodiment does not contain any 
etheric oxygen atoms. 

In one embodiment, where the physisorbable group is an 
alkyl or fluoroalkyl group, optionally containing one or 
20 more etheric oxygen atoms, this group does not contain any 
carbon-carbon double or triple bonds. 

Where a hydrophillic surface having functional groups 
is to be coated, groups capable of covalently binding the 
polymer to the surface may be incorporated into the polymer 
2 5 as pendant groups. 

Where a surface bearing an ionic charge is to be 
coated, ionic groups, capable of binding the polymer to the 
surface by ionic interactions, may be incorporated into 

the polymer of the invention as pendant groups. 
30 According to a preferred embodiment, the polymer is 

obtainable by 

i) copolymerising the zwitterionic monomer, the 
monomer having a reactive group and a radical 
polymerisable, preferably ethylenically unsaturated, 
35 comonomer bearing an ionic group capable of binding to a 
surface by ionic interaction; or 
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(ii) polymerising a radical polymerisable, preferably 
ethylenically unsaturated, monomer containing a 
zwitterionic group bearing a centre of permanent positive 
charge, which is preferably zwitterionic, and an ionic 
5 group capable of binding to a surface by ionic interaction 
with the comonomer having a reactive group. 

Optionally, in any of the above embodiments, the 
polymers also comprise residues of one or more diluent 
monomers. 

10 The invention also provides a process for producing 

such a polymer which comprises polymerising such monomers 
and a process for coating a surface with such a polymer, 
for instance a process comprising the steps of (a) 
polymerising such monomers to form the polymer and (b) 

15 coating the surface with the polymer so formed. 
Optionally, the process further comprises attaching a 
ligand to the polymer either in solution before coating the 
surface, or, more preferably when coated on 
the surface. 

20 In a specific embodiment the invention further 

provides such polymers containing residues of a 
crosslinkable monomer, which are uncrosslinked, when either 
coated on a surface or not coated on a surface and such 
polymers which are crosslinked when coated on a surface* 

25 The invention further provides a process of crosslinking 
such polymers when coated on a surface. 

As yet a further feature, the present invention provides 
certain new monomers useful in producing the polymers of 
the invention . 

30 Monomers and comonomers which may be used in the 

polymers of the invention will now be described in more 
detail. 

It is to be understood that throughout the 
specification ( a lk ) aery late , (alk)acrylic and 

35 (alk) acrylamide mean acrylate or alkacrylate, acrylic or 
alkacrylic and acrylamide or alkacry lamide respectively. 
Preferably unless otherwise stated alkacrylate, alkacrylic 
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and alkacrylamide groups contain from 1 to 4 carbon atoms 
in the alkyl group thereof and are most preferably 
methacrylate, methacrylic or methacry lamide groups* 
Similarly (meth) aery late , ( me th ) aery 1 ic and 

5 (meth) acrylamide shall be understood to mean acrylate or 
methacrylate, acrylic or methacrylic and acrylamide or 
methacrylamide respectively. 
Zwitter ionic Monomers 

The zwitterionic monomer (or comonomer) bears a centre 

10 of permanent positive charge and also a centre of negative 
charge. Typically the centre of permanent positive charge 
is provided by a quaternary nitrogen atom. 

Preferred comonomers which bear a centre of positive 
charge are of general formula (I) 

15 Y-B-X (I) 

wherein B is a straight or branched alkylene, oxaalkylene 
or oligo-oxaalkylene chain optionally containing one or 
more fluorine atoms up to and including perf luorinated 
chains or, if X contains a carbon-carbon chain between B 

20 and the centre of permanent positive charge or if Y 
contains a terminal carbon atom bonded to B, a valence 
bond; 

X is a zwitterionic group and 

Y is an ethylenically unsaturated polymer isable group 
25 selected from 



R 
I 

CH Z =C-C-A- or 
30 II 



wherein: 

R is hydrogen or a C^-C^ alkyl group; 
35 A is -O- or -NR 1 - where R 1 is hydrogen or a C x -C 4 alkyl 

group or R l is -B-X where B and X are as defined above; and 

K is a group - (C^ ) M 0C (0) - , - (C^. ) P C(0) O-, 
- (CH 2 ) p OC(0)0-, -(CH i ) | ,NR 2 *- / -(CH 2 J p NR a C(0)- / 
-(CH 2 ) pt C(0)NR 2 -, -(CH*) p NR*C(0)0-, - ( CH r ) p OC (O) NR 2 - , 
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-(CH x ) f NR*C(0) NR Z -, (in which the groups R* are the same or 

different) -(CH^JpO-, -(CH z ) p S0 3 or, optionally in 

combination with B, a valence bond and p is from 1 to 12 

and R J is hydrogen or a C X -C A alkyl group. 

5 The proviso on whether B may be a valence bond ensures 

that the zwitterionic group X is not directly bonded to a 

heteroatom, such as an oxygen or nitrogen atom in Y. 

Preferred zwitterionic monomers containing a group 

bearing a centre of permanent positive charge are therefore 

10 of general formula (II) or (III) - 

R 
I 

CH X =C 

15 C-A-B-X (II) 

O 



20 




25 

where R, A, B, K and X are as defined with reference to 
formula (I) . 

Preferably in the compounds of formula (II) R is 
hydrogen, methyl, or ethyl, more preferably methyl, so that 

30 (II) is an acrylic acid, methacrylic acid or ethacrylic 
acid derivative. 

. In the compounds of formula (III) K may be a valence 
bond and B a group, K may be a group and B a valence bond, 
both K and B may be groups, or K and B may together be a 

3 5 valence bond. 

Preferably B is a group where K is a valence bond. 

Where K is a group then preferably p is from 1 to 6, 
more preferably 1,2 or 3 and most preferably p is 1. When 
K is a group -(CH 2 ) p NR a -, - (CH Z ) p NR*C (O) - , - (CH 2 ) p C (O) NR 2 , 

40 -(CH 2 ) P NR X C(0)0-, -(CH x ) p 0C(0)NR z - or 

-(CH 2 ) p NR*C(0) NR*- then R*" is preferably hydrogen, methyl or 
ethyl, more preferably hydrogen. 



In the compounds of formula (III) preferably the vinyl 
group is para to the group -K-B-X. 
Preferably B is: 

an alkylene group of formula -(cr\)..-, wherein the 
groups -(CR J : ),- are the same or different, and in each 
group -(CR J 2 ) a - the groups R*' are the same or different and 
each group R* is hydrogen, fluorine or alkyl or 

fluroalkyl, preferably hydrogen, and a is from 1 to 12, 
preferably 1 to 6 ; 

an oxaalkylene group such as alkoxyalkyl having 1 to 
6 carbon atoms in each alkyl moiety, more preferably 
-CH.OCCH^-; or 

an oligo-oxaalkylene group of formula 

-( (CR\),£>] c (CR*\)h- where the groups -(CR 4 2 )- are the same or 
different and in each group -(CR l x )- the groups R 4 are the 
same or different and each group R l is hydrogen, fluorine 
or C,. 4 alkyl or fluoroalkyl, preferably hydrogen, and b is 
from 1 to 6, preferably 2 or 3 and c is from 2 to 11, 
preferably 2 to 5; or 

if X contains a carbon-carbon chain between B and the 
zwitterionic group if Y contains a terminal carbon atom, a 
valence bond. 

Preferred groups B include alkylene, oxaalkylene and 
oligo-oxaalkylene groups of up to 12 carbon atoms 
optionally containing one or more fluorine atoms. Where 
the polymer is not intended for coating a hydrophobic 
surface, and therefore is not intended to be bound by 
physiosorption to a surface, then preferably B is an 
alkylene, oxaalkylene or oligo-oxaalkylene group which does 
not contain any fluorine atoms. 

In compounds of formula (III) it is preferred that K 
and B contain up to 12 carbon atoms in total. 

Preferred groups X containing a zwitterionic group, 
are the groups of formula (IVA) , (IVB) , (IVC) , (IVD) , (IVE) 
and (IVF) as defined below: monomers containing such 
groups may be used in combination with further monomers 
containing groups capable of binding to a surface, to 



provide a copolymer of the invention. Of these groups of 
formula (IVC) are particularly preferred. 

In addition, groups of formula (VA) , (VB) and (VC) are 
preferred as zwitterionic monomers further having an alkyl, 
fluoroalkyl or siloxane group capable of binding to a 
surface by physisorption. 

The groups of formula (IVB) are: 

R< 

-^-(CHja-scv- (ivb) 

R 1 

where the groups R 4 are the same or different and each is 
hydrogen or C,, tl alkyl and d is from 2 to 4 . 

Preferably the groups R* are the same. It is also 
preferable that at least one of the groups R° is methyl, 
and more preferable that the groups R* are both methyl* 

Preferably d is 2 or 3, more preferably 3. 

When X is a group of formula (IVB) preferably B is a 
group of formula -(CR\)- or -(CR\) t 
eg. -(CH*)- or -(CH^CH*)-. 

The groups of formula ( IVC) are: 

O 

-0-P-0(CH a ) e -N + (R 7 ) 3 (IVC) 

<r 

where the groups R 7 are the same or different and each is 
hydrogen or C X „ A alkyl, and e is from 1 to 4 . 

Preferably the groups R 7 are the same. It is also 
preferable that at least one of the groups R 7 is methyl, 
and more preferable that the groups R 7 are all methyl. 

Preferably e is 2 or 3, more preferably 2. 
When X is a group of formula (IVC) preferably B is a group 
of formula -(CR%J- or -(CR 3 *)*-, eg. -(CH,)- or -(CH 2 CH 2 )-. 

The groups of formula (IVD) are: 
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O 

CH^-O-P-O- ( CH x ) f -*N ( R # ) 3 ( IVD) 

CH z -0-R U 

10 wherein the groups R M are the same or different and each is 
hydrogen or alkyl, R*- is hydrogen or, more preferably, 
a group -C(0)BV b where R Mh is hydrogen or methyl, 
preferably methyl, B 1 is a valence bond or straight or 
branched alkylene, oxaalkylene or oligo-oxaalkalyene group, 

15 and f is from 1 to 4 ; 
and 

if B is other than a valence bond Z is 1 and if B is 
a valence bond Z is O, if X is directly bonded to an oxygen 
or nitrogen atom and otherwise Z is l. 
20 Preferably the groups R* are the same. It is also 

preferable that at least one of the groups R* is methyl, 
and more preferable that the groups R8 are all methyl. 

Preferably f is 1 or 2 , more preferably 2. 

Preferably B 1 is: 
2 5 a valence bond; 

an alkylene group of formula -(CR'*%)^-, wherein the 
groups -(CR%)- are the same or different, and in each 
group (CR*\)- the groups R x% - are the same or different and 
each group R M - is hydrogen or C,.. : alkyl, preferably 
30 hydrogen, and aa is from 1 to 12, preferably 1 to 6 ; 

an oxaalkylene group such as alkoxyalkyl having 1 to 
6 carbon atoms in each alkyl moiety, more preferably 
-CH 2 0(CH>) 4 -; or 

an oligo-oxaalkylene group of formula -[ (CR 4 * 2 )baO]e.- 
35 where the groups -(CR%)- are the same or different and in 
each group -(CR 4i *)- the groups R" are the same or different 
and each group R 4 * is hydrogen or C:_., alkyl, preferably 
hydrogen, and ba is from l to 6, preferably 2 or 3 , and ca 
is from 1 to 12, preferably 1 to 6 . 
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Preferred groups B 1 include a valence bond and 
alkylene, oxaalkylene and ol igo-oxaalkylene groups of up to 
12 carbon atoms. 

Preferably B and B 1 are the same. 

When X is a group of formula (IVD) preferably B is a 
group of formula - [ (CR\CR\) c 0 b ] CR%CR 4 2 -, eg. 
-(CH 2 CH 2 0) c (CH 2 CH 2 ) 

The groups of formula (IVE) are: 

o 

- [ OH-CH^-CH-CHj-O-P-O- ( CH 2 ) 3 ~*N ( R> ) s ( IVE) 

CP 

O-R 9 * 

wherein the groups R* are the same or different and each is 
hydrogen or C.-C, alkyl, R 9 * is a hydrogen or, more 
preferably, a group -C(0)B*R* b , R* is hydrogen or methyl, 
preferably methyl, B 2 " is a valence bond or a straight or 
branched alkylene, oxaalkylene or ol igo-oxaalkylene group, 
and g is from 1 to 4 ; and 

if B is other than a valence bond 2 is 1 and if B is 
a valence bond Z is 0 if X is directly bonded to an oxygen 
or nitrogen atom and otherwise 2 is 1. 

Preferably the groups R" are the same. It is also 
preferable that at least one of the groups R 9 is methyl, 
and more preferable that the groups R u are all methyl. 

Preferably g is 1 or 2, more preferably 2. 

Preferably B z is: 

a valence bond; 

an alkylene group of formula ~(CR' h 2 ), h -, wherein the 
groups -(CR ,b 2 )- are the same or different, and in each 
group - (CR- ib 2 )- the groups R* h are the same of different and 
each group R ,h is hydrogen or C,., alkyl, preferably 

hydrogen, and ab is from 1 to 12, preferably 1 to 6; 

an oxaalkylene group such as alkoxyalkyl having 1 to 
6, carbon atoms in each alkyl moiety, more preferably 
-CH 2 0(CH 2 ),-; or 
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an oligo-oxaalkylene group of formula - (CR 4b 2 ) bb 0] cb - 
where the groups -(CR%)- are the same or different and in 
each group -(CR* U, . : )- the groups R ,b are the same or different 
and each group R 4b is hydrogen or C,.., alkyl, preferably 
5 hydrogen, and bb is from 1 to 6 , preferably 2 or 3 , and cb 
is from 1 to 12, preferably 1 to 6 . 

Preferred groups B a include a valence bond and 
alkylene, oxalkylene and oligo-oxalky lene groups of up to 
12 carbon atoms, 
10 Preferably B and B z are the same. 

When X is a group of formula (IVE) preferably B is a 
group of formula - [ (Cr\cr\) k O] c CR\CR\- , eg. 
- (CHjCH^O) ^CHiCHa.- . 

The groups of formula (IVF) are: 

15 

R m, -0-CH 2 0 
I II 

CH-O-P-O- (OH*) fc N+(R 10 ) 3 ( IVF) 

20 -[0] a -CHi CT 

wherein the groups R 1 * are the same or different and each 
is hydrogen or C._, alkyl, R 10 * is hydrogen or, more 
preferably, a group -C(0)B 3 R lik where R 101 ' is hydrogen or 
25 methyl, preferably methyl, B* is a valence bond or a 
straight or branched alkylene, oxaalkylene or 

oligo-oxaalkylene group, and h is from 1 to 4 ; and 

if B is other than a valence bond Z is 1 and if B is 
a valence bond Z is O if X is directly bonded to the oxygen 
30 or nitrogen and otherwise Z is 1. 

Preferably the groups R 1 are the same. It is also 
preferable that at least one of the groups R 10 is methyl, 
and more preferable that the groups R 10 are all methyl • 
Preferably h is 1 or 2, more preferably 2. 
35 Preferably B J is: 

a valence bond; 

an alkylene group of formula -(CR 3 ^),,,-, wherein the 
groups ~(CR*\)- are the same or different and in each group 
(CR*^)- the groups R 3 * are the same or different and each 
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group R 3 * is hydrogen or c,. 4 alkyl, preferably hydrogen, and 
ac is from 1 to 12, preferably 1 to 6; 

an oxaalkylene group such as alkoxyalkyl having 1 to 
6 carbon atoms in each alkyl moiety, more preferably 
5 -CH 2 0(ChT.) ,-; or 

an oligo-oxaalkylene group of formula - [ (CR 4c 2 ) bcO] cc - 
where the groups -(CR 4c 2 )- are the same or different and in 
each group -(CR V \)- the groups R* c are the same or different 
and each group R Ai ' is hydrogen or C } . A alkyl, preferably 
10 hydrogen, and be is from 1 to 6, preferably 2 or 3 , and cc 
is from 1 to 12, preferably 1 to 6 . 

Preferred groups B 3 include a valence bond and 
alkylene, oxaalkylene and oligo-oxaalkylene groups of up to 
12 carbon atoms. 
15 Preferably B and B* are the same. 

When X is a group of formula (IVF) preferably B is a 
group of formula -[ (CRVcr'z) b O] c CR 4 2 CRV, eg. 
- (CH 2 CH.O) .XH.CHv- . 

Further zwitterionic groups are of formula (VA) , (VB) 
20 and (VC) . These groups also contain an alkyl or 
fluoroalkyl group capable of binding to a surface by 
physisorption. Monomers containing such a group are 
therefore particularly suitable for use in the polymers of 
the invention, optionally without separate comomoners 
25 containing a group capable of binding to a hydrophobic 
surface by physisorption. 

The groups of formula (VA) are: 

O 

30 || 

CHa-O-P-0- (CH Z ) ,-*N (R l 1 ) , (VA) 

-[0] B -CH CT 

3 5 CH t -0-R ,Kl 

wherein the groups R u are the same or different and each 
is hydrogen or (?,_,, alkyl, R IU " is either 
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(a) a group -[C(0)], v . (CR 1,b a )., w (SiR ,!c x ) (OSiR Uc 2 ) vv R Uc 
in which each group R llh is the same or different and is 
hydrogen or alkyl of 1 to 4 carbon atoms, each group R llc is 
the same or different and is alkyl of 1 to 4 carbon atoms 

5 or aralkyl, for example benzyl or phenethyl, vw is 0 or 1, 
ww is from 0 to 6 with the proviso that vw and ww are not 
both 0, and vv is from 0 to 49; 

(b) a group of formula -C(0)B 4 -R Md , in which R lld is 
hydrogen or methyl, is a valence bond or straight 

10 or branched alkylene, oxaalkylene or oligo-oxaalkalyene 
group optionally containing one or more fluorine atoms, and 
containing from 6 to 24, preferably 6 to 18 carbon atoms; 
i is from 1 to 4 ; and 

if B is other than a valence bond Z is 1 and if B is 
15 a valence bond Z is 0 if X is directly bonded to an oxygen 
or nitrogen atom and otherwise Z is 1. 

Preferably the groups R Si are the same. It is also 
preferable that at least one of the groups R n is methyl, 
and more preferable that the groups R n are all methyl. 
20 Preferably i is 1 or 2 , more preferably 2. 

Where R n * is a siloxane group as defined in (a) above, 
each group (CR Ki ^) may be the same or different, preferably 
the same, and preferably each group R llb is hydrogen. 
Preferably ww is from 2 to 4 , and is most preferably 3 when 
25 vw is 0 or 2 when vw is 1. Each group (SiR ,u \) may be the 
same or different, preferably the same, and preferably each 
group R 1U is methyl. 
Preferably vv is from 4 to 29. 

Preferably the group R M * is a group -C(0)B 4 R lld as 
30 defined above. In such a case, preferably B 4 is: 
a valence bond; 

an alkylene group of formula - (CR M Z ) , t1 - wherein the 
groups -(CK^x)- are the same or different, and in each 
group -(CR 3d 2 )- the groups R M are the same or different and 
35 each group R 24i is hydrogen, fluorine or C,., alkyl or 
fluoroalkyl, preferably hydrogen or fluorine, and ad is 
from 1 to 24, preferably to 18; 
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an oxaalkylene group such as alkoxyalkyl having 1 to 
6 carbon atoms and optionally one or more fluorine atoms in 
each alkyl moiety, or 

an oligo-oxalkylene group of formula - [ (CR 4d 2 ) bd O] cd - 
5 where the groups -(CR^)- are the same or different and in 
each group -(CR ],1 2 )- the groups R* 4 are the same or different 
and each group R 4A is hydrogen, fluorine or C^, alkyl or 
fluoroalkyl, preferably hydrogen or fluorine, and bd is 
from 2 to 6, preferably 3 or 4 , and cd is from 1 to 12, 

10 preferably 1 to 6 . 

When B" is a group - [ (CR** X ) M 0] fl1 - wherein all the 
groups R ld are hydrogen and in all the groups - [ (CR 4d 2 ) bd O] - 
bd is 2 , the residues of the monomer of formula (VA) are 
not able to form strong secondary valence interactions with 

15 hydrophobic surfaces. Whilst residues of such monomers may 
be included in the polymers of the invention, it is usually 
also necessary to include residues of monomers which are 
capable of forming strong secondary valence interactions if 
such interactions are to bind a polymer to a surface. 

20 Monomers which have groups containing oligo (higher 

alkylene) oxide moieties can be used to provide strong 
secondary valence interactions, so can monomers which 
contain oligo alkylene oxide moieties in which at least 50, 
preferably 70, more preferably 90 mol% of individual 

25 alkylene oxide units contain 3 or more carbon atoms. Thus, 
for instance a mixed oligo (ethylene oxide/propylene oxide) 
side chain could be used provided that there are more 
propylene oxide units than ethylene oxide units. 

When B 1 is a group -(CR ! ,),,0],.r then preferably bd is 

30 2 in only 50, preferably 70, more preferably 90 mole% or 
less of the residues 
-C(CR 4d : ) bd O]-. 

When the group -B 4 -R n * is a group capable of forming 
strong secondary valence interactions with a surface, then 
35 monomers containing a group (VA) may be particularly 
suitable for use as zwitterionic monomer and an alkyl or 
fluoroalkyl group optionally containing one or more etheric 
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oxygen atoms. Preferably, in such a case -B 4 -R lla is an 
alkyl group optionally containing one or more etheric 
oxygen atoms and preferably 6 or more carbon atoms or a 
f luoroalkyl group optionally containing one or more etheric 
oxygen atoms and preferably 6 or more carbon atoms. 

In one embodiment B and B A may be the same. 

The groups of formula (VB) are: 



10 



15 



-[0] t -CH z -CH-CH 2 -0-P-0-(CH z ) j-^NCR 11 ) 3 (VB) 

cr 



20 wherein the groups R are the same or different and each 
is hydrogen or C^C A alkyl, R n * is either 

(a) a group -[C(0)] tu (CR^)^ (SiR l2o z ) (OSiR 12c 2 ) tt R 12c 
in which each group R nb is the same or different and is 
hydrogen or alkyl of l to 4 carbon atoms, each group R 12c is 

25 the same- or different and is alkyl of 1 to 4 carbon atoms 
or aralkyl, for example benzyl or phenethyl, tu is 0 or 1, 
uu is from 0 to 6 , with the proviso that tu and uu are not 
both 0, and tt is from 0 to 49; or 

(b) a group of formula -C(0)B 5 -R ud , in which R 12d is 
30 hydrogen or methyl, B" is a valence bond or a straight or 

branched alkylene, oxaalkylene or oligo-oxaalkylene group 
optionally containing one or more fluorine atoms and from 
6 to 24 carbon atoms, more preferably 6 to 18 carbons 
atoms, 

35 j is from 1 to 4 ; and 

if B is other than a valence bond, Z is 1 and if B is 
a valence bond 2 is 0 if X is directly bonded to an oxygen 
or nitrogen atom and otherwise Z is 1. Preferably the 

groups R l - are the same. It is also preferable that at 
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least one of the groups r" is methyl, and more preferable 
that the groups R 11 ' are all methyl. 

Preferably j is 1 or 2 , more preferably 2, 
Where R 12 * is a siloxane group as defined in (a) above, 
5 each group (CR 12 **) may be the same or different, preferably 
the same, and preferably each group R l2b is hydrogen. 
Preferably uu is from 2 to 4 , and is most preferably 3 when 
tu is 0 or 2 when tu is l. Each group (SiR l2c >) may be the 
same or different, preferably the same, and preferably each 
10 group R l2c is methyl. 

Preferably tt is from 4 to 29. 
Preferably the group R 12 * is a group -C(0)B 4 R 12d as 
defined above. In such a case, preferably B s is: 
a valence bond ; 

15 an alkylene group of formula -(CR , * 2 ) ae -, wherein the 

groups -(CR 3# a )- are the same or different, and in each 
group -(CR J * Z )- the groups R 3 * are the same of different and 
each group R 3 * is hydrogen, fluorine or alkyl, or 

fluoroalkyl, preferably hydrogen or fluorine, and ae is 

20 from 1 to 24, preferably 6 to 18; 

an oxaalkylene group such as alkoxyalkyl having 1 to 
6 carbon atoms and optionally one or more fluorine atoms in 
each alkyl moiety; or 

an oligo-oxaalkylene group of formula - [ (CR 4e 2 ) be O] ce 

25 where the groups -(CR* a )- are the same or different and in 
each group -(CR%.)- the groups R 4 * are the same or different 
and each group R^ is hydrogen, fluorine or C t . 4 alkyl or 
fluoroalkyl, preferably hydrogen or fluorine, and be is 
from 2 to 6, preferably 3 or 4, and ce is from 1 to 12, - 

30 preferably 1 to 6 . 

When B 5 is a group -( (CR^)^]^- wherein all the 
groups R** are hydrogen and in all the groups [CR^^O] be 
is 2, the residues of the monomer of formula (VB) are not 
able to form strong secondary valence interactions with 

35 hydrophobic surfaces. Whilst residues of such monomers may 
be included in the polymers of the invention, it is also 
necessary to include residues of monomers which are capable 
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of forming such strong secondary valence interactions if 
such interactions are to bind a polymer to a surface. 
Monomers which have groups containing oligo (higher 
alkylene) oxide moieties can be used to provide the 
5 necessary strong secondary valence interactions, so can 
monomers which contain oligo alkylene oxide moieties in 
which at least 50, preferably 70, more preferably 90 mol% 
of individual alkylene oxide units contain 3 or more carbon 
atoms. Thus, for instance a mixed oligo (ethylene 

10 oxide/propylene oxide) side chain could be used provided 
that there are more propylene oxide units than ethylene 
oxide units. 

When B s is a group -[ ( CR*^) te o ] then preferably be is 
2 in only 50, preferably 70, more preferably 90 mole% or 
15 less of the residues - [ (CR 44 ^)^] - . 

When the group -B 5 -R Ua is a group capable of forming 
strong secondary valence interactions with a surface, then 
monomers containing a group (VB) may be particularly 
suitable for use as zwitterionic monomers containing an 
20 alkyl or fluoroalkyl group optionally containing one or 
more ether ic oxygen atoms. Preferably, in such a case 
-B^R 1 "* is an alkyl group optionally containing one or more 
etheric oxygen atoms and preferably 6 or more carbon atoms 
or a fluoroalkyl group optionally containing one or more 
25 etheric oxygen atoms and preferably 6 or more carbon atoms. 
In one embodiment B and B*' may be the same. 
. The groups of formula (VC) are: 

R'^-O-CH* O 

30 I II 

CH-O-P-O- (CHi) k N f (R l3 ) 3 (VC) 

35 

wherein the groups R 13 are the same or different and each 
is hydrogen or C,_, alkyl, R 13 ** is either 

(a) a group - [C (O) ] ri (CR lsb 1 ) s5 (SiR l3a x ) (OSiR 13c 2 ) rr R 13c in 
which each group R ub is the same or different and is 
40 hydrogen or alkyl of 1 to 4 carbon atoms, each group R 13c is 



the same or different and is alkyl of l to 4 carbon atoms 
or aralkyl, for example benzyl or phenethyl, rs is 0 or 1, 
ss is from 0 to 6, with the proviso that rs and ss are not 
both 0, and rr is from 0 to 49; or 

(b) a group of formula -c (O) B*-R ,Jd f in which R l3a is 
hydrogen or methyl, B L is a valence bond or a straight or 
branched alkylene, oxaalkylene or oligo-oxaalkylene group 
optionally containing one or more fluorine atoms and from 
6 to 24, more preferably 6 to 18 carbon atoms and k is from 
1 to 4 ; and 

if B is other than a valence bond, Z is 1 and if B is 
a valence bond Z is 0 if X is directly bonded to an oxygen 
or nitrogen atom and otherwise Z is 1. 

Preferably the groups R 1 3 are the same. It is also 
preferable that at least one of the groups R 13 is 
methyl, and more preferable that the groups R 1J< are all 
methyl . 

Preferably k is 1 or 2, more preferably 2. 

Where R 13 ' is a siloxane group as defined in (a) above, 
each group (CR KM _) may be the same or different, preferably 
the same and preferably each group R 13b is hydrogen. 
Preferably ss is from 2 to 4 , and is most preferably 3 when 
rs is 0 or 2 when rs is 1. Each group (SiR 13< \) may be the 
same, or different, preferably the same, and preferably 
each group R * is methyl. Preferably rr is from 4 to 29. 

Preferably the group R !i ' is a group -C(0)B 6 R 13d as 
defined above. In such a case, preferably B* is: 

a valence bond; 

an alkylene group of formula -(CR 3f 2 ) , f -, wherein the 
groups -(CR 3f 2 )- are the same or different, and in each 
group (CR 3r 2 )- the groups R u are the same or different and 
each group R M is hydrogen, fluorine or C,. 4 alkyl or 
fluoroalkyl, preferably hydrogen or fluorine, and is from 
1 to 24, preferably 6 to 18; 

an oxaalkylene group such as alkoxyalkyl having 1 to 
6 carbon atoms and optionally one or more fluorine atoms in 
each alkyl moiety; or 



an oligo-oxaalkylene group of formula - ( (CR 4f 2 ) bf O] cf - 
where the groups -(CR J- are the same or different and in 
each group -(CR 4f _>)- the groups R n are the same or different 
and each group R u is hydrogen, fluorine or C,_ 4 alkyl or 
fluoroalkyl, preferably hydrogen or fluorine, and bf is 
from 2 to 6, preferably 3 or 4 , and cf is from 1 to 12, 
preferably 1 to 6. 

When B° is a group -[ (CR n ,) IM 0], t - wherein all the 
groups R 4r are hydrogen and in all the groups [ (CR 4c 2 ) bf O] bf 
is 2, the residues of the monomer of formula (VC) are not 
able to form strong secondary valence interactions with 
hydrophobic surfaces. Whilst residues of such monomers may 
be included in the polymers of the invention, it is also 
necessary to include residues of monomers which are capable 
of forming such strong secondary valence interactions if 
such interactions are to bind a polymer to a surface. 
Monomers which have groups containing oligo (higher 
alkylene) oxide moieties can be used to provide the 
necessary strong secondary valence interactions, so can 
monomers which contain oligo alkylene oxide moieties in 
which at least 50, preferably 70, more preferably 90 mol% 
of individual alkylene oxide units contain 3 or more carbon 
atoms. Thus, for instance a mixed oligo (ethylene 

oxide/propylene oxide) side chain could be used provided 
that these are more propylene oxide units then ethylene 
oxide units. 

. When B" is a group -[ (CR 11 .) ^-O],, - then preferably bf is 
2 in only 50, preferably 70, more preferably 90 mol% or 
less of the residues -[ (CR 4, "_.) , %f O] - . 

When the group -B -R M - is a group capable of forming 
strong secondary valence interactions with a surface, then 
monomers containing a group (VC) may be particularly 
suitable for use as zwitterionic monomers containing an 
alkyl or fluoroalkyl group optionally containing one or 
more ether ic oxygen atoms. Preferably, in such a case 
-B b -R KM is an alkyl group optionally containing one or more 
etheric oxygen atoms and preferably 6 or more carbon atoms 
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or a fluoroalkyl group optionally containing one or more 
ether ic oxygen atoms and preferably 6 or more carbon atoms. 
In one embodiment B and B' may be the same. 
Particular examples of preferred zwitterionic monomers 
5 are 2 (methacry loy loxy ) ethyl-2 • ( tr imethy lammonium) ethyl 
phosphate inner salt and 1 [ 4 ( 4 1 -vinylbenzyloxy) butane] - 
2" (trimethylammonium) ethyl phosphate inner salt. 

Zwitterionic monomers, such as those of formula (II) 
and (III) may be prepared by conventional techniques using 

10 known reactions, for example using a suitable substituted 
alkyl (alk) acrylate or suitable substituted styrene as 
precursor. Examples of suitable substituted alkyl 

(alk) acrylates include dimethy laminoethyl (meth) acrylate and 
2-hydroxyethyl (meth) acrylate. 

15 Monomers of formula (II) or (III) containing a group 

of formula (IVB) or (IVC) may be prepared as described in 
Reference Example 1 to 3 or by analogous known methods. 

Monomers of formula (II) or (III) containing a group 
of formula (IVD) in which R is -C(0)B : R"' may be prepared 

20 by selective acylation of glycerophosphorylcholine or 
analogues thereof at the primary hydroxyl group with an 
activated acid derivative such as an acid anhydride 
0(C(0)B l R* b ) 2 or an acid halide R" b B ! C0Hal where B 1 and R 8b are 
as defined above and Hal is halogen, followed by acylation 

25 of the secondary hydroxyl group with an appropriate 
acylating agent, for example methacry loyl chloride. 
Purification, for example by column chromatography on a 
suitable support, may be performed after each acylation or 
after the second acylation only. Suitable activated acid 

30 derivatives include acid anhydrides, acid halides, reactive 
esters and imidazolides . The acylations may be performed 
in a suitable anhydrous, aprotic solvent, for example N,N — 
dimethy If ormamide , optionally in the presence of a suitable 
non-nucleophilic base, for example tr iethy lamine . 

35 Alternatively, the primary alcohol group in 

glycerophosphoryl choline or an analogue thereof may be 
blocked by reaction with a suitable protecting group 
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reagent, for example t-buty ldimethy Isily 1 chloride, under 
standard conditions and the secondary hydroxy group then 
treated with an acylating agent such as methacryloyl 
chloride. The t-butyldimethylsilyl protecting group may be 
5 removed by treatment with a dilute organic or mineral acid, 
for example fi-toluene sulphonic acid, hydrochloric acid or 
with tetra-butylammonium fluoride. The deblocked primary 
hydroxyl group may then be treated with an activated acid 
derivative such as an acid anhydride O (C (O) B l R et> ) 2 or acid 

10 halide R Hb B ! COHa 1 where B ! and R' ; ' are as defined above, and 
Hal is halogen. 

Analogues of glycerophosphory lcholine (compounds of 
formula (II) or (III) containing a group (IVD) where R 8a is 
hydrogen) may be prepared -by reaction of phosphorus 

15 oxychloride with a bromoalcohol in an inert aprotic 
solvent, such as dichloromethane, to give a 
bromoalkylphosphorodichloridate . The dichloro derivative 
thus produced may then be treated with an appropriately 
protected glycerol derivative, for example 2,2-dimethyl 

20 1, 3-dioxolane-4-methanol , in the presence of a base, for 
example triethylamine, followed by acid hydrolysis to give 
a bromoalkylphosphoroglycerol derivative. This may then be 
treated with an amine NR\, where R* is as defined above, 
for example tr imethylamine , to generate the 

25 glycerophosphorylcholine analogue. This preparation is 
depicted in the following scheme. 
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where R H and f are as defined in relation to groups of 
formula (IVD) . 

Monomers of formula (II) or (III) containing a group 
of formula (IVE) in which R' ' is -C(0)B-R Mb may be prepared 
by the selective acylation of glycerophosphorylcholine or 
an analogue thereof at the primary hydroxyl group with for 
example, methacryloyl chloride followed by reaction at the 
secondary hydroxyl group using an activated acid 
derivative, such as an acid halide 0 (C (0) B~R 9b ) 2 or an acid 
halide R* b B : COHal, where B 2 and R* b are as defined above and 
Hal is halogen. The intermediates and final products may 
be purified, as necessary using column chromatography. 
Optionally, protecting group strategy, similar to that 
outlined above in relation to production of monomers 
containing a group of formula (IVD) may be employed. 

Monomers of formula (II) or (III) containing a group 
of formula (IVF) may be prepared in an analogous manner to 
monomers containing groups of formula (IVD) or (IVE) . 

Monomers of formula (II) or (III) containing a group 
of formula (VB) or (VC) may be prepared by direct analogy 
with methods described for monomers containing groups of 
formula (IVD), (IVE) and (IVF) respectively. 
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Comonomer s capable of stably binding a polymer to a 
surface 

The polymer of the invention comprises residues of 
comonomer containing a group capable of stably binding a 
5 polymer at a surface which is a group capable of forming 
covalent bonds with a coreactive group at the surface 
and/or cross-linking the polymer as well as the residues of 
the comonomer containing a zwitterionic group. Optionally, 
where the monomer containing a zwitterionic group also 
10 contains a group capable of stably binding the polymer to 
a surface, further groups capable of stably binding to a 
surface may be provided by additional comonomer residues 
containing a group capable of binding the polymer to a 
surface . 

15 As has already been mentioned, the nature of the group 

capable of binding to a surface, and therefore the nature 
of the comonomers containing such groups, will depend upon 
the nature of the surface which is to be coated with the 
polymer- The various types of such comonomers will now be 

20 described. 

It will be appreciated that in some circumstances it 
may be desirable to use a combination of different 
comonomers containing groups capable of binding to a 
surface. Preferably a comonomer of type a), b) and/or c) as 

25 defined below or a combination of such comonomers is used, 
more preferably a comonomer of types b) is used with a 
comonomer of a) or c) . 

a) Comonomers containing an alkvl, fluoroalkvl or 
siloxane group 

30 The comonomers containing an alkyl, fluoroalkyl or 

siloxane group, which are suitable for providing binding to 
a hydrophobic surface, are comonomers containing an aikyl 
group of 6 or more carbon atoms which group optionally 
contains one or more etheric oxygen atoms and optionally 

35 one or more carbon-carbon double or triple bonds or a 
fluoroalkyl group, preferably of 6 or more carbon atoms, 
which group optionally contains one or more etheric oxygen 



atoms and optionally one or more carbon-carbon double or 
triple bonds, or containing a siloxane group, containing up 
to 50 silicon atoms, preferably in a linear chain. 

Preferably the alkyl or f luoroalkyl groups contains up 
5 to 24 carbon atoms, for instance up to 18 carbon atoms, or 

containing a siloxane group, containing up to 50 
silicon, preferably in a linear chain. Preferred 
comonomers containing an alkyl, f luoroalkyl or siloxane 
group are those of general formula (VI) 
10 Y : -Q (VI) 

where Y 1 is an ethylenically unsaturated polymerisable 
group selected from 

I 

15 H^C^C-C-A 1 - or 

II 
O 

20 where R 14 is hydrogen or 0,-C,, alkyl, 

A 9 is -O- or -NR IS - where R 1 '* is hydrogen or a C a -C 4 
alkyl group or R l< is a group Q; 

K 1 is a group - (CH a ) ; OC (O) - , - ( CH) , C (O) O- , 
-(CH 2 )tOC(0)0- f -(CHa).NR*-, - (CH*) jNR*C (O) - , 

25 -(CH 2 ) t C(0) NR*-, -(CHj) ,NR ie C(0)0«, - ( CH 2 ) ,OC (O) NR 16 - , 

-(CH 2 ) ,NR li: C(0)NR l - (in which the groups R ,,; are the same or 
different), — (CH.) iO-, -(CH 2 )iSO,-, a valence bond and 1 is 
from 1 to 12 and R u ' is hydrogen or a 0,-04 alkyl group; and 
Q is (a) a straight or branched alkyl, alkoxyalkyl or 

30 (oligo-alkoxy) alkyl chain containing 6 or more, preferably 
6 to 24, carbon atoms unsubstituted or substituted by one 
or more fluorine atoms and optionally containing one or 
more carbon-carbon double or triple bonds; or 

(b) a siloxane group -(CR 5,i , .) (|l| (SiR ,4i \) (OSiR 16b 2 ) PR R l6b 

3 5 in which each group R u " is the same or different and is 
hydrogen or alkyl of l to 4 carbon atoms or aralkyl, for 
example benzyl or phenethyl, each group R u,b is alkyl of 1 
to 4 carbon atoms, qq is from 1 to 6 and pp is from O to 
49. 
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Preferred comonomers of formula (VI) bearing a group 
Q include those of formula (VII) and (VIII) : 



I 

CHi=C 

I (VII) 
C-A'-Q 

II 
O 




10 



15 \^ K>o (VIII) 

wherein : 

R ', A 1 , K' and Q are as defined in relation to formula 

20 (VI). 

Preferably in the compounds of formula (VII) R 14 is 
hydrogen methyl or ethyl, more preferably methyl so that 
the compound of formula (VII) is preferably an acrylic 
acid, methacrylic acid or methacrylic acid derivative. 

25 In the compounds of formula (VIII) K 1 may for instance 

be a valence bond. Where K : is a group then preferably 1 
is from 1 to 6, more preferably 1, 2 or 3 and most 
preferably 1 is l. When K 1 is a group - (CH 2 ) jNR 16 -, 
-(CH^OCfOJNR 1 *-, -(CH r: ) ,NR" : C(0)0- ( 

30 -(CH 2 ) 1 NR ,6 C(0)-, -(CH,) l C(0)NR u; - or - (CH,) t NR ls C (0) NR 16 - then 
R lb is preferably hydrogen, methyl or ethyl, more preferably 
hydrogen. 

In the compounds of formula (VIII) , preferably the 
vinyl group is para to the group -K -Q. 
35 Preferably Q is an alkyl or fluoroalkyl group 

optional] containing one or more ether ic oxygen atoms and 
optionally or more carbon-carbon double or triple bonds. 
More preferably Q is: 

an alkyl group of formula - (CR ,7 2 ) m CR ,7 j wherein the 
groups -(CR'%)- are the same or different, and in each 
group -(CR ! \)the groups R ! are the same or different and 
each group R !7 is hydrogen, fluorine or C,_« alkyl or 



fluoroalkyl and m is from 5 to 23 if Q contains no fluorine 
atoms or from 1 to 23, preferably 5 to 23 , if Q contains 
one or more fluorine atoms; 

an alkoxyalkyl having 1 to 12 carbon atoms in each 
alkyl moiety; unsubstituted or substituted by one or more 
fluorine atoms; or 

an (oligo-alkoxyl) alkyl group of formula - [ (CR l8 2 ) n O] 0 
(CR l8 2 ) n R 1R where the groups -(CR'^)- are the same or 
different and in each group -(CR n \)- the groups R 18 are the 
same or different and each group R 18 is hydrogen, fluorine 
or C w alkyl or fluoroalkyl and n is from 2 to 6, 
preferably 3 to 4 , and 0 is from 1 to 12. 

When Q is a group -[ (CR 5 ^) h O] 0 (CR ,8 2 ) ll R M wherein all the 
groups R M are hydrogen and in all the groups - [ (CR 18 2 ) n O] - 
n is 2 the group of formula Q is not able to form strong 
secondary valence interactions with hydrophobic surfaces. 
Whilst residues of monomers containing such a group may be 
included in the polymers of the invention, it is also 
necessary to include residues of monomers which are capable 
of forming such strong secondary valence interactions if 
such interactions are to bind a polymer to a surface. 
Monomers which have groups containing oligo (higher 
alkylene) oxide moieties can be used to provide monomers 
which contain oligo-alky lene oxide moieties in which at 

least 50mol% of individual alkylene oxide units contain 3 

i 

or more carbons atoms. Thus, for instance a mixed 
oligo (ethylene oxide/propylene oxide) side: chain could be 
used provided that there are more propylene oxide units 
than ethylene oxide units. 

Where Q is an (oligo-alkoxy ) -alkyl group containing 
residues -[ (CR'* X ) ri 0] - wherein n is 2, then preferably n is 
2 in no more than 50 mol% of the residues -( (CR l9 2 ) n O] 

Alternatively, Q may be a group in which one or more 
of the alkyl or alkylene moieties in such an alkyl, 
alkoxyalkyl or (oligoalkoxy) alkyl group is replaced by a 
corresponding alkenyl, alkynyl, alkenylene or alkynylene 
moiety. 



35 

Preferred groups Q include alkyl, alkoxyalkyl and 
(oligo-alkoxy) alkyl groups optionally containing one or 
more carbon-carbon double or triple bonds of 8 or more, 
more preferably 10 or more, even more preferably 12 or 
5 more, for instance 14 or more, such as 16 or more carbon 
atoms. Such groups may contain one or more fluorine atoms 
and be therefore fluoroalkyl derivatives. Preferably 
however, such groups do not contain any fluorine atoms. 

Particularly preferred groups are straight chain alkyl 

10 or fluoroalkyl groups optionally containing one or more 
carbon-carbon double or triple bonds. 

Where Q is a siloxane group, each group -(CR 16a 2 )- may 
be the same or different, preferably the same, and 
preferably each group R l1 ' is hydrogen. Preferably qq is 

15 from 2 to 4 , and is most preferably 3. Each group 
-(SiR lnl .)- may be the same or different, preferably the 
same, and preferably each group R !l " is methyl. Preferably 
pp is from 4 to 29. Preferred comonomers where Q is a 
siloxane group are those of formula (VII) . 

20 In one specific embodiment the group Q does not 

contain any ethylenic unsaturation , i.e. any carbon-carbon 
double or triple bonds. 

Particular examples of comonomers containing an alkyl, 
fluoroalkyl or siloxane group include: n-dodecyl 

25 methacrylate, octadecyl methacry late , hexadecyl 
methacry late , 1H, 1H, 2H, 2 H - hep t adeca f luor odecy 1 

methacrylate, p-octyl styrene, p-dodecyl styrene and 
monomethacryloxypropyl terminated siloxanes. n-Dodecyl 
methacrylate is particularly preferred. 

30 Comonomers containing a physisorbable alkyl or 

fluoroalkyl, which does not contain a carbon-carbon double 
or triple bond, or a siloxane group such as those of 
formulae (VII) and (VIII) are commercially available or may 
be, prepared by conventional techniques using known 

35 reactions. 

In a second specific embodiment of such comonomers, 
the group Q does contain ethylene unsaturation, i.e. one or 



more carbon-carbon double or triple bonds. Such comonomers 
may for example contain a vinylic, divinylic, acetylenic or 
diacetylenic moiety. Comonomers containing acetylenic 
rather than vinylic unsaturation are in general preferred, 
especially those containing a single acetylenic group, 

Comonomers which contain such an ethylenic unsaturated 
group are capable of providing crosslinking between linear 
polymer claims once the polymer is coated onto a substrate, 
as well as binding to the substrate by physisorption. Such 
crosslinking may improve the stability of the coating and 
is typically formed by irradiation, for example with uv -or 
gamma-radiation. The crosslinking of such groups may be 
employed either alone or in addition to the use of a 
comonomer containing a reactive group as a crosslinkable 
comonomer as described below. 

Particularly preferred crosslinkable comonomers 
capable of binding to a substrate by physisorption are 
those of formula (VIIA) and (VIIIA) . 

CH 2 -CR n - C(0)-A'- QQ (VIIA) 




(VIIIA) 



in which R M , A' and K are as hereinbefore defined and QQ 
is an alkynyl group containing 6 or more carbon atoms and 
one or two, preferably one, carbon-carbon triple bonds 
provided that the acetylenic moieties are not directly 
bonded to A 1 or K* . 

The present invention provides, as a further feature, 
comonomers of formula (VIIA) and (VIIIA) . 

Amongst such comonomers it is preferred that QQ is an 
alkynyl group containing from 6 to 24 carbon atoms, 
preferably 8 or more, more preferably 10 or more, even more 
preferably 12 or more, for instance 14 or more, such as 16 
or more carbon atoms. 
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It is also preferred that the group QQ does not 
contain a terminal acetylenic moiety, i.e. a group -C=CH. 

A particularly preferred group QQ is 7-dodecynyl and 
a specific example of a compound of formula (VIIA) 
5 containing such a group is dodec-7-yn-l-ol methacrylate . 

The compound of formula (VIIA) and (VIIIA) and other 
comonomers of formula (VII) and (VIII) containing an 
ethylenically unsaturated physisorbable group Q, may be 
prepared by anology with known methods. Their preparation 
10 is illustrated by Reference Example 2. 

b) Comonomers bearing a reactive group 

Preferred comonomers, which are suitable for providing 
binding to a hydrophillic surface having functional groups, 
contain a reactive group capable of covalently binding to 
15 a 2S surface and are of general formula (IX) 

Y -Q' (IX) 
where Y is an ethylenically unsaturated polymerisable 
group selected from 



20 




25 

where R }u is hydrogen or C.-C, alkyl, 

K * i s a group - (CH z )^OC (O) - , - (CH) q C (0) 0- , 
-(CH 2 ) q 0C(0)0-, -<CH t ),NR M -, - ( CH*) % NR*°C (0) - , 
-(CH 2 ) (| C(0)NR M -, -(CH i ) n NR zo C(0)0- / - (CH^OC (0) NR 20 - , 
30 -(CH 2 ) q NR 20 C(O)NR tt - (in which the groups R 20 are the same or 
different), -(CH^O-, or -(CH t ) % S0,- f or a valence bond and 
q is from 1 to 12 and R-° is hydrogen or a C,-C 4 alkyl 
group; and 

Q l is a reactive group capable of reacting to provide 
35 covalent binding to a surface. 

Preferred comonomers of formula (IX) bearing a 
reactive group Q ; include those of formula (X) and (XI) 
defined below. 

The compounds of formula (X) are: 

40 
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R 1 * 

I 

CH t =C 

C-Q x 
II 



(X) 



wherein: 

R 1J is as defined with reference to formula (X) , and 
Q" is a reactive group. 

Preferably in the compounds of formula (X) R 19 is 
hydrogen, methyl or ethyl, more preferably methyl, so that 
the compound of formula (X) is preferably an acrylic acid, 
methacrylic acid or ethacrylic acid derivative. 

Preferably Q J is hydrogen, or more preferably -OH or 
a group of the formula: 

where t is -O-, or -NR 4 *- where R* 1 is hydrogen, C^C 4 

alkyl or a group -B 7 -Q*; 

B 7 is a valence bond or, more preferably, a straight 
or branched alkylene, oxaalkylene or oligo-oxaalkylene 
chain; and 

Q~ is a reactive group capable of reacting to provide 
covalent binding to a surface such as an aldehyde group or 
a silane or siloxane group containing one or more reactive 
substituents such as halogen, for example chlorine, or 
alkoxy, generally containing from 1 to 4 carbon atoms, for 
example methoxy or ethoxy, or, more preferably Q 3 is a 
hydroxyl, amino, carboxyl, epoxy, -CHOHCH,Hal, (in which 
Hal is a halogen atom such as chlorine, bromine or iodine) 
succinimido, tosylate such as 2 (N-methylpyridinium) 
tosylate, triflate, imidazole 

carbonyl-amino, or an optionally substituted triazine 
group. can also be cinnamyl; ethy lenically and 

acetylenically unsaturated groups; acetoacetoxy ; methylol; 
and chloroalkylsulphone groups; acetoxy; mesylate; carbonyl 
di (cycloalkyl carbodiimidoyl ; and oximino. 
Preferably B 7 is: 



an alkylene group of formula -(CR a ,) t -, wherein the 
groups -(CR 2 ^)- are the same or different, and in each 
group -(CR~,)- the groups R^are the same or different and 
each group R** is hydrogen or c,., alkyl, preferably 
hydrogen, and r is from 1 to 12, preferably 1 to 6; 

an oxaalkylene group such as alkoxyalkyl having 1 to 
6 carbon atoms in each alkyl moiety; or 

an oligo-oxaalkylene group of formula 
-C(CR 2, 2 ) s O] t (CR--\). ; - where the groups -(CR-'\)- are the same 
or different and in each group -(CR^)- the groups R 23 are 
the same or different and each group R 23 is hydrogen or d. 4 
alkyl, preferably hydrogen, and s is from 1 to 6, 
preferably 2 or 3 , and t is from 1 to 11, preferably 1 to 
5. 

Preferred groups b' include alkylene, oxaalkylene and 
oligo-oxaalkylene groups of up to 12 carbon atoms. 

Where Q* is a silane or siloxy group, preferably B 7 is 
an alkylene group of 1 to 6, preferably 2 to 4 , more 
preferably 3 s carbon atoms. 

Particular examples of the group B 7 are -CH 2 -, -CH 2 CH 2 - 
and -(CH,.), ; -. 

The compounds of formula (XI) are: 




kW-q j (xi) 

wherein K 2 , B 7 and <f are as defined in relation to formula 
(IX). 

In the compounds of formula (XI) preferably the vinyl 
group is para to the group -K 2 -B 7 -q\ 

K may for instance be a valence bond. Where K 2 is a 
group then preferably q is from 1 to 6 , more preferably 1,2 
or 3 and most preferably q is 1. When K is a group - 
(CH 2 ) q NR°-, -(CH,),,OC(0)NR ; , - (CH ) ,,NR "C (O) O- , 
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-(CH 2 ) M NR "C(O)-, -(CH ) 5 C(0)NR : : - or - (CH ) ,,NR-°C (O) NR :o - then 
R^° is preferably hydrogen, methyl or ethyl, more preferably 
hydrogen. 

Particular examples of comonomers bearing a reactive 
5 group include chloromethy lstyrene , methacrylic acid, 2- 
aminoethylmethacrylate, 2 , 3-epoxypropyl methacrylate, 3- 
chloro-2-hydroxypropylmethacrylate, 2-methacryloyloxy- 
ethyl dichlorotriazine, 3-chloro-2-hydroxy- 
propylmethacrylamide and glycidyl methacrylate and reactive 

10 methacrylate esters containing the group HetC(0)0- in which 
(Het) is a heterocyclic ring, for example benzotriazole or 
imidazole and reactive methacrylate esters containing a 
group R' v 0C(0)- in which R u is a succinimido or 
pentaf luorophenyl group. 

15 Particularly preferred comonomers bearing reactive 

groups are 2-aminoethy 1-methacry late and 3-chloro-2- 
hydroxypropy Imethacry late . 

Comonomers bearing a reactive group capable of binding 
covalently to a surface, such as those of formula (X) or 

20 (XI), are commercially available or may be prepared by 
conventional techniques using known reactions. 

Comonomers of formula (X) , which are dichlorotriazine 
monomers may be prepared in known manner for example by 
reacting a substituted hydroxy-alky 1 (alk) acrylate or 

25 aminoalkyl (alk) acrylate with tr ichlorotr iaz ine in a 
suitable solvent and in the presence of a base. 

Comonomers of formula (XI) which are reactive 
methacrylate esters in which the ester groups contains an 
imidazole group may be prepared in known manner by reacting 

30 a substituted hydroxyalkyl (alk) acrylate (e.g. 2- 
hydroxyethyl (meth) aery late) , polyethylene- 
oxide (meth) acrylate or polypropy leneoxide (meth) acrylate 
with 1 , 1-carbony 1-di imidazole in a dry solvent. Analogous 
known methods may be used to prepare succinimido and 

35 pentaf luorophenyl methacry late-esters of formula (X) , by 
. reaction with a reactive ester, acid halide or acid 
anhydride . 
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Where comonomers containing a reactive group are used 
to bind a copolymer to a surface by covalent bonding, it 
will be appreciated that not all of the reactive groups 
need necessarily bind to surface reactive groups and that 
5 groups not so bound may participate in other chemistry. 
Such groups may in particular provide points for the 
attachment of moieties such as ligands to the polymer, when 
coated onto a substrate. 

Comonomers containing a reactive group, such as 

10 compounds of formula (X) and (XI) may be used as comonomers 
containing crosslinkable groups, which react with other 
crosslinkable groups, rather than a monomer which bind 
covalently to a surface. 

Where comonomers containing a reactive group are used 

15 to provide such crosslinkable groups then the crosslinkable 
groups and/or the copolymerisation conditions will be 
chosen so that they will not crosslink when the comonomers 
are copolymer ised ; thus the polymerisation product will be 
an uncrosslinked linear copolymer which may be subsequently 

20 crosslinked after coating the copolymer onto a surface so 
as to improve the stability of the coating. When such 
crosslinking between linear polymer chains is employed the 
crosslinkage may be formed either between two such 
crosslinkable groups or between a crosslinkable group and 

25 a non-inert group in a diluent comonomer residue (defined 
later) . Such a crosslinkage may be formed either by direct 
reaction of the groups forming the crosslinkage or by 
reaction of these groups with a reactive bridging molelcule 
for example a reactive gas, such as ammonia. 

30 Residues of such comonomers may therefore be present 

in polymers which are designed to coat hydrophobic surfaces 
and containing residues of a zwitterionic monomer and a 
comonomer containing an alkyl, fluoroalkyl or siloxane 
group, which is of formula (VII) or (VIII) . Similarly 

35 residues of such comonomers may also be present in polymers 
designed to bind to a surface by ionic interaction and 
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which contains residues of a compound of formula (XIII) or 
(XIV) as defined below. 

Preferred reactive comonomers which are used to 
crosslink the comonomer, rather than provide covalent 
5 binding to the surface, are those of formula (X) or (XI) in 
which Q~, or Q 4 contains a crossl inkable cinnamyl, epoxy, 
-CHOHCH 2 Hal (in which Hal is a halogen atom), methylol, 
silyl, an ethylenically unsaturated crosslinkable group, 
such as an acetylenic, diacety lenic, vinylic or divinylic 
10 group, or an acetoaeetoxy or 

chloroalkyl sulfone, preferably chloroethyl sulphone, 
group. 

Particular examples of comonomers bearing a group 
capable of crosslinking include methacrolein, cinnamyl 
15 methacry late , 2 , 3 -epoxy pr opy 1 methacry late , 

3-chloro-2-hydroxypropyl methacrylate , hydroxymethyl 
methacry lamide, 3- (trimethoxysilyl) propyl methacrylate, 

2- acetoacetoxyethyl methacrylate, 

3- (vinylbenzyl) -2-chloroethy 1 sulfone. 

20 When a polymer of the invention, containing 

crosslinkable groups, is coated on a substrate the polymer 
is in substantially uncrosslinked form. After coating, 
crosslinking of crosslinkable groups may be performed to 
increase the strength and stability of the polymer coating. 

25 c) Comonomers bearing an ionic group 

Preferred comonomers bearing an ionic group capable of 
binding to a surface by ionic interaction are of general 
formula (XII) 

Y -B'-Q s (XII) 

30 where Y ' is an ethylenically unsaturated polymerisable 
group selected from 
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10 



15 



where R : is hydrogen or C.-C, alkyl; 

A" is -o- or -NR 47 -, wherein R* is hydrogen or a C.-C, 
alkyl group or R-" is a group -B^-Q 5 ; 

B' is. a valence bond, a straight or branched alkylene, 
oxaalkylene or ol igo-oxaalky lene group; 

K ' 13 a 9 rou P ~(CH ) OC(O)-, -(CH) x C(0)0-, 
-(CH 2 ).,OC(0)0-, - (C H,),NR - (CH ;; ) ,NR^C (O) - , 

-(CH 2 ) x C(0)NR 2a -, -(CH,),NR- K C(0)0-, - (CH-.) x OC (O) NR 28 - , 
-(CH 2 ) x NR 28 C(0)NR 2 ^ (in which the groups R 28 are the same or 
different), -(CH)O-, -(CH : )SO -, a valence bond 
(optionally in combination with b") and x is from 1 to 12 
and R zo is hydrogen or a C,-C, alkyl group; 

Q : is an ionic group capable of binding to a surface 
by ionic interaction. 

Preferred comonomers of formula (XII) are therefore 
those of formula (XIII) and (XIV) : 



,26 



20 



25 



CHj=C 



C-A-'-B^-Q 5 

II 
O 

(XIII) 




K 3 -8 9 -Q 5 



(XIV) 
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wherein: 

R~\ A", B', K 3 and Q* are as defined in relation to 
formula (XII). 

Preferably in the compounds of formula (XIII) R 26 i s 
hydrogen, methyl or ethyl, more preferably methyl, so that 
the compound of formula (XIII) is preferably an acrylic 
acid, methacrylic acid or ethacrylic acid derivative. 

In the compounds of formula (XIV) , K 1 may for instance 
be a valence bond. Where K ( is a group then x is 
preferably from 1 to 6, more preferably 1, 2 or 3 and most 
preferably x is 1. when K ' is a group - (CH 2 ) X NR 26 -, 
(CH 2 ) x 0C(0)NR--, - (CH ,),NR-C(0)0-, - ( CH > ) X NR 2 «C (O) - , 



-(CH 2 ) >: C(0) NR ' - or - (CH ) :: NR l 'C (O) NR ' - then R 2i ' is preferably 
hydrogen, methyl or ethyl, more preferably hydrogen. 

In the compounds of formula (XIV) preferably the vinyl 
group is para to the group -K' A -B "-Q' 1 . 

Preferably B ; is: 

an alkylene group of formula - (CR JM ,) y - , wherein the 
groups -(CR ";.)- are the same or different, and in each 
group ~(CR JM 2 )- the groups R~" are the same or different and 
each group R^ is hydrogen or C 1H alkyl, preferably 
hydrogen, and y is from 1 to 12, preferably 1 to 6; 

an oxaalkylene group such as alkoxyalkyl having 1 to 
6 carbon atoms in each alkyl moiety; or 

an oligo-oxaalkylene group of formula 

-[ (CR- ,0 : ) yY O] xx (CR ,( : ) vv - where the groups -(CR t( _ : )- are the same 
or different and in each group - (CR* 1 .) - the groups R 30 are 
the same or different and each group R yo is hydrogen or C x - A 
alkyl, preferably hydrogen, and yy is from 1 to 6, 
preferably 2 or 3 , and xx is from 1 to 12, preferably 1 to 
6. 

Preferred groups B" include alkylene, oxaalkylene and 
oligo-oxaalky lene groups of up to 12 carbon atoms. 

Particular examples of the group B" are -CH 2 -, -CH 2 CH 2 - 
and -(CH 2 ) G - 

The group Q s may be either anionic or cationic 
depending upon the surface to be coated. Where the surface 
has a cationic surface charge, the group Q 5 will be anionic 
and. may for example be a carboxylate, sulphonate, 
hydrogenphosphate or phosphate group. Where the surface 
has an anionic surface charge, the group Q 5 will be 
cationic and may for example by a group -NR" l V in which 
each group R* M is the same or different, and is hydrogen or 
alkyl of 1 to 6 carbon atoms two of which groups R 31 may 
together from a heterocyclic ring containing from 5 to 7 
atoms, preferably hydrogen or methyl, a group N*Het, where 
Het is an unsaturated heterocyclic group such as pyridyl, 
substituted or unsubst ituted by one or more alkyl groups of 
1 to 4 carbon atoms, or a group -PR** 3 ® in which each group 



R c is the same or different and is hydrogen or alkyl of 1 
to 6 carbons atoms, two of which groups R u may together 
form a heterocyclic ring containing from 5 to 7 atoms, 
preferably methyl. 

Particular examples of comonomers bearing an ionic 
group include acrylic acid, methacrylic acid, 2-sulfoethyl 
methacrylate, 2-methacry loy loxyethyl phosphate, p-styrene 
sulfonic acid, 2- (methacry loyloxyethyl) tr imethylammonium 
chloride, 3-aminopropy 1 methacry lamide , vinylbenzyl 
trimethy lammonium chloride . 

Comonomers bearing a group capable of binding a 
polymer to a surface by ionic interaction, such as those of 
formula (XIII) and (XIV) are commercially available or may 
be prepared by conventional technigues using known 
reactions . 
Diluent Comonomers 

In addition to a) the residues of monomers containing 
a group bearing a centre of permanent positive charge or b) 
the residues of comonomers containing a group bearing a 
centre of permanent positive charge and comonomers which 
are capable of binding to a surface, the polymers of the 
present invention may comprise residues of a diluent 
comonomer . 

Such diluent comonomers may be used to give the 
polymer the desired physical and mechanical properties. 
They may be of any known conventional radical 
polymerisable, preferably ethy lenically unsaturated, type 
compatible with other comonomer(s) . 

Particular examples of diluent comonomers include 
alkyl (alk) aery late preferably containing 1 to 4 carbon 
atoms in the alkyl group of the ester moiety, such as 
methyl (alk) aery late ; a dialkylamino alkyl (alk) acrylate, 
preferably containing 1 to 4 carbon atoms in each alkyl 
moiety of the amine and 1 to 4 carbon atoms in the alkylene 
chain, e.g. 2- (dimethy lamino) ethyl (alk) aery late; an alkyl 
(alk) acrylamide preferably containing 1 to 4 carbon atoms 
in the alkyl group of the amide moiety; a hydroxyalkyl 



(alk) aery late preferably containing from 1 to 4 carbon 
atoms in the hydroxyalky 1 moiety, e.g. a 2 -hydroxy ethyl 
(alk) acrylate; or a vinyl monomer such as an N-vinyl 
lactam, preferably containing from 5 to 7 atoms in the 
lactam ring, for instance vinyl pyrrolidone; styrene or a 
styrene derivative which for example is substituted on the 
phenyl ring by one or more alkyl groups containing from 1 
to 6, preferably 1 to 4 , carbon atoms, and/or by one or 
more halogen, such as fluorine atoms, e.g. 
(pentaf luoropheny 1) styrene. 

Other suitable diluent comonomers include 
polyhydroxyl , for example sugar, (alk) acrylates and 
(alk) aery lamides in which the alkyl group contains from 1 
to 4 carbon atoms, e.g. sugar acrylates, methacrylates, 
ethacry lates , acrylamides, methacry lamides and 
ethacry lamides . Suitable sugars include glucose and 
sorbitol. Particularly suitable diluent comonomers include 
methacry loyl glucose or sorbitol methacrylate . 

Further diluents which may be mentioned specifically 
include polymerisable alkenes, preferably of 2-4 carbon 
atoms, eg. ethylene, dienes such as butadiene, alkylene 
anhydrides such as raaleic anhydride and cyano-substituted 
alkylenes, such as aery lonitrile . 

Diluent comonomers may be obtained by conventional 
known methods . 

Of the above diluent comonomers some are inert and act 
simply to modify the physical and mechanical properties of 
copolymers containing them. Others, and in particular the 
hydroxyalkyl (alk) acrylates and polyhydroxyl (alk) acrylates 
have a reactive role in addition to simply modifying 
physical and mechanical properties. Such comonomers 
contain functional groups, such as hydroxy 1 groups, which 
may react with a crosslinking group or may react with 
reactive groups in other molecules to attach them to the 
copolymer. 

It will also be appreciated that alky 1 (alk) acrylates 
containing 6 or more carbon atoms in the alkyl group may be 



regarded as either diluent comonomers or comonomers capable 
of binding a polymer to a surface by physisorption . In 
particular it should be noted that a copolymer which 
contains such a diluent comonomer and a reactive comonomer 
capable of reacting at a surface to provide covalent 
binding to a surface may be used to coat a hydrophillic 
surface, the reactive comonomer providing binding to the 
surface and the diluent modifying physical and mechanical 
properties. However, such a copolymer may also be to coat 
hydrophobic surfaces, in which the "diluent" monomer will 
act as a comonomer capable of binding to the surface by 
physisorption and the comonomer capable of covalent binding 
will act as a crosslinkable comonomer. 

According to a feature of the present invention 
polymers of the invention may be prepared by copolymerising 
a zwitterionic comonomer optionally a further comonomer 
containing a group capable of stably binding the polymer to 
a surface, a monomer having a reactive group and a diluent 
comonomer. 

Any conventional technique may be used for 
polymerisation, typically thermal or photochemical 
polymerisation. Where comonomers capable of producing 
crosslinking in the coated polymer film are present, the 
polymerisation condition are set such that 
crosslinking does not occur during polymerisation. Thus f 
for example, actinic radiation would not be used to prepare 
a pplymer containing a comonomer which can form crosslinks 
by exposure to actinic radiation. 

For thermal polymerisation a temperature from 40 to 
100°C, typically 50 to 80 :, C is used. For photochemical 
polymerisation actinic radiation such as gamma, U.V. , 
Visible or microwave radiation may be used. Typically U.V. 
radiation of wavelength 200 to 400 nm is used. 

The polymerisation is generally performed in a 
reaction medium, which is for instance a solution or 
dispersion using as a solvent for example acetonitrile, 
dimethyl formamide, chloroform, dichloromethane , ethyl 
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acetate, dimethyl sulphoxide, dioxan, benzene, toluene, 
tetrahydrof uran , or where the polymer does not contain 
groups which react with protic solvents, water or an 
alkanol containing from 1 to 4 carbon atoms, e.g. methanol, 
ethanol or propan-2-ol. Alternatively, a mixture of any of 
the above solvents may be used. 

The polymerisation may be carried out in the presence 
of one or more polymerisation initiators, such as benzoyl 
peroxide, 2,2' -azo-bis ( 2-methy lpropionitr ile) or benzoin 
methyl ether. Other polymerisation initiators which may be 
used are disclosed in "Polymer Handbook", 3rd edition, Ed. 
J. Brandrup and E.H. Immergut, Pub. Wi ley-Interscience, New 
York, 1989. 

Generally the copolymer isat ion is performed for 1 to 
72 hours, preferably 8 to 48, for instance 16 to 24 hours, 
and under an inert atmosphere of for example nitrogen or 
argon. The polymer is generally purified by dialysis, 
precipitation in a non-solvent (e.g. diethyl ether or 
acetone) or ultrafiltration. The resulting polymer is 
generally dried under vacuum, eg. for 5 to 72 hours and has 
a molecular weight from 10,000 to 10 million, preferably 
from 20,000 to 1 million. 

The precise proportion and nature of the various 
comonomers used to prepare a copolymer according to the 
present invention comprising residues of a zwitterionic 
monomer and a comonomer containing a reactive group and 
optionally a further comonomer having a group capable of 
stably binding the polymer to a surface may be adjusted to 
provide a copolymer which is particularly suitable for 
coating a particular surface. Thus the proportion of 
comonomer containing a group capable of stably binding the 
polymer to a surface may be adapted to provide efficient 
physisorption at a particular hydrophobic surface, to 
correspond to the number of functional groups at a 
particular surface or to provide efficient binding by ionic 
interaction with a particular surface. Similarly the 
proportion of the zwitterionic monomer and of diluent 



and/or crosslinkable comonomer may be adapted to provide 
the desired biocompatibility and physical and mechanical 

properties. It will be appreciated that to obtain the 
desired combination of properties more than one type of 
zwitterionic monomer, comonomer containing a group capable 
of stably binding the polymer to a surface or crosslinkable 
and/or diluent comonomer may be used. 

The monomer composition which is subjected to 
polymerisation to provide a polymer according to the 
invention comprises a minimum of 0.01%, preferably 1%, more 
preferably 5% by weight of zwitterionic monomer and a 
maximum of 99.9%, preferably 99%, more preferably 95% by 
weight of other monomer or monomers. Such other monomer or 
monomers may be a monomer or monomers containing a group 
capable of stably binding the 

polymer to a surface, a diluent monomer or monomers and/or 
a crosslinkable monomer or monomers. 

The monomer composition further comprises a minimum of 
0.01%, preferably 1%, more preferably 5% by weight of 
monomer or monomers containing a group capable of stably 
♦binding the polymer to a surface and a maximum of 99.9%, 
preferably 99%, more preferably 95% by weight of other 
monomer or monomers. Such other monomer or monomers may be 
a monomer or monomers containing a group bearing a centre 
of permanent positive charge, a diluent monomer or monomers 
and/or a crosslinkable monomer or monomers. 

Where the polymer is to bind to a surface by 
physisorption then preferably the monomer composition 
comprises no more than 95%, more preferably no more than 
90% and even more preferably no more than 80% by weight of 
monomer or monomers containing an alkyl, fluoroalkyl or 
siloxane group which is capable of binding the polymer to 
a surface by physisorption the balance of the composition 
being zwitterionic monomer, diluent monomer and/or 
crosslinkable monomer. Such a composition typically 
comprises up to 50% by weight of diluent comonomer or 
comonomers. Where diluent comonomer is present, it 



preferably comprises at least 1%, more preferably 5%, by 
weight of the total comonomer composition. Where present, 
crosslinkable comonomer or comonomers generally comprise 
from 0.1% to 20% by weight of the total comonomer 
composition. 

Preferably the molar ratio in a copolymer containing 
a hydrophobic comonomer of zwitterionic monomer to 
comonomer containing an alkyl, fluoroalkyl or siloxane 
group capable of binding the polymer to a surface by 
physisorption is from 5:95 to 80:20, more preferably 10:90 
to 50:50. In addition the copolymer preferably comprises 
from 5% to 50%, more preferably 10% to 25%, by mole 
residues of diluent monomer and/or from 0.1 to 20%, more 
preferably 1% to 10%, by mole residues of crosslinkable 
comonomer, provided that where residues of both diluent and 
crosslinkable comonomer are present, they do not exceed in 
combination 50% f preferably 35% by mole. 

Where the polymer is to bind covalently to a surface 
then preferably the monomer composition comprises no more 
than 25%, more preferably up to 20% and even more 
preferably 'up to 15% by weight of monomer containing a 
group capable of binding the polymer to a surface 
covalently; the balance of the composition being 
zwitterionic monomer, and optionally diluent monomer or 
monomers. Such a composition typically comprises up to 95%, 
preferably to 90%, by weight of diluent comonomer or 
comonomers. Where diluent comonomer is present, it 
preferably comprises at least 5%, more preferably 10%, by 
weight of the total comonomer composition. 

Preferably the molar ratio in the copolymer of 
zwitterionic monomer comonomer containing a reactive group 
capable of binding the polymer to a surface by covalent 
bonding is from 5:95 to 95:5, more preferably 50:50 to 
90:10. In addition, the copolymer preferably comprises 
from 5% to 50%, more preferably 10% to 25%, by mole 
residues of diluent monomer and/or from 0.1% to 20%, more 
preferably 1% to 10%, by mole residues of crosslinkable 



comononer, provided that where residues of both diluent and 
crosslinkable comonomer are present, they do not exceed in 
combination 50%, preferably 35% by mole. 

Where the polymer is to bind to a surface by ionic 
interaction, then preferably the molar ratio in the 
copolymer of zwitterionic monomer to comonomer containing 
an ionic group capable of binding the polymer to a surface 
by ionic interactions is from 5:95 to 95:5, more preferably 
50:50 to 90:10. In addition, the copolymer preferably 
comprises from 5% to 50%, more preferably 10% to 25%, by 
mole residues of diluent monomer and/or from 0.1% to 20%, 
more preferably 1% to 10%, by mole residues of 
crosslinkable comonomer, provided that where residues of 
both diluent and crosslinkable comonomer are present, they 
do not exceed in combination 50%, preferably 35% by mole. 

In addition the monomer composition may comprise 
further components such as a polymerisation initiator, 
chain transfer agent, acid, base, surfactant, emulsifier or 
catalyst of conventional type each in an amount from 0.1% 
to 5%, typically from 0.2% to 3% and preferably about 0.5%, 
by weight each relative to the total weight of the 
monomers. 

As a further feature the present invention provides a 
process for biocompat ibil ising a surface which comprises 
coating the surface with a polymer according to the present 
invention. Various types of surfaces may be coated 
depending upon the nature of the groups in the polymer 
capable of binding it to the surface. 

Polymers containing residues of monomers containing 
alkyl, fluoroalkyl or siloxane groups capable of binding 
the polymer to a surface by physisorption are particularly 
suitable for coating hydrophobic surfaces, e.g. 
polyethylene , polypropylene and polytetraf luoroethylene 
(PTFE) surfaces; fluorine containing polymers of the 
invention being particularly suited to coating PTFE 
surfaces . 
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Hydrophillic surfaces may be rendered hydrophobic and 
suitable for coating with such polymers by known methods 
(see for example "Chemical Reactions of Polymers" Ed. E.M. 
Fettes, 1964, Interscience , London). 
5 Treatment with such a polymer is generally carried out 

by coating the surface with a solution, dispersion 
(including a microdispersion) of the polymer, generally in 
an alcoholic, aqueous, organic or halogenated solvent or a 
mixture thereof , e.g. methanol, ethanol, dichloromethane or 

10 freon. The treatment is generally carried out at ambient 
or elevated temperature, such as from 5 to 60°C. 

In one specific embodiment of the invention, the 
copolymer is coated onto the substrate in the form of a 
microdispersion for example a microemulsion. 

15 After coating the polymer may be crosslinked if it 

contains the residues of cross linkable comonomer by known 
method for crosslinking the specific crosslinkable groups 
which are present. Crosslinking may, for instance, be 
introduced thermally, using actinic radiation, using 

20 reactive gases for example ammonia by changing the pH, 
using difunctional additives or by using activation 
chemistries for example by known methods as described in 
"Methods in Enzymology, volume 135, Immobilised Enzymes and 
Cells, part B", Ed. K. Mosbach, Academic Press Inc, New 

25 York, 1987. This activation may be performed on the dry 
coating, in the cases of thermal radiation or gas 
treatment. Alternatively for cases where the pH needs to 
be changed or additives need to be included, activation may 
be performed on the coated material in a solution which 

30 does not remove the coating. 

Surfaces having functional groups such as hydroxy 1, 
carboxyl or amino groups are particularly suitable for 
treatment with polymers according to the invention 
comprising residues of monomer containing a group capable 

35 of binding the polymer to a surface covalently. 

Where necessary the surface of the substrate may be 
f unctionalised prior to treatment. For surfaces which do 



not have functional groups it is necessary to introduce 
these groups at the surface before treatment with the 
polymer. This can be effected by known etching or 
derivatising techniques, such as plasma discharge, which 
introduce the appropriate surface functionality (see for 
example "Chemical Reactions of Polymers" Ed. E.M. Fettes, 
1964, Interscience, London). 

In certain cases it is also necessary to activate 
functional groups at the surface of the substrate and/or 
the reactive groups of the polymer of the invention. This 
may be achieved by known means using a known activating 
agent for example a carbodiimide such as 
1-ethy 1-3 - ( 3 -dimethy laminopropy 1 ) car bodi imide . Other 
suitable activating agents are disclosed in "Methods in 
Enzymology", supra . It will be appreciated that 

corresponding methods of activation of groups on a polymer 
may also be used to attach moieties, such as ligands to the 
polymer when coated on a substrate. 

Treatment with such a polymer is generally carried out 
by treating the surface with a solution of the polymer, 
generally an alcoholic, aqueous alcoholic or aqueous 
solution. The treatment is generally carried out at a 
temperature from -5 to 50°C, for from 0.1 to 24 hours and 
at a pH from 2 to 13 . 

Surfaces having ionic groups such as carboxyl, 
sulphonate, phosphate, ammonium or phosphonium groups are 
particularly suitable for treatment with polymers according 
to the invention comprising residues of monomer containing 
a group capable of binding the polymer to ionic 
interaction . 

Where necessary the surface of the substrate may be 
f unctionalised prior to treatment. For surfaces which do 
not have ionic groups it is necessary to introduce these 
groups at the surface before treatment with the polymer. 
This can be effected by known etching or derivatising 
techniques, such as plasma discharge, which introduce the 
appropriate surface functionality (see for example 
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"Chemical Reactions of Polymers 11 Ed. E.M. Fettes, 1964, 
Interscience , London) 

Treatment with such a polymer is generally carried out 
by treating the surface with a solution of the polymer, 
generally an alcoholic, aqueous alcoholic or aqueous 
solution- Treatment is generally carried out at a 
temperature from -5 to 50'C, for from 0.1 to 24 hours and 

at a pH from 2 to 13. 

Materials may be coated with polymers of the invention 
by known techniques, such as dip-coating, spray-coating, 
web-coating or spin coating. 

Materials having surfaces coated according to the 
present invention can be used as a construction material 
for implants or prostheses for the human or animal body, 
particularly where these implants or prostheses are to come 
into direct physical contact with blood and where 
biocompatibility and particularly haemocompatibility are 
required e.g. in heart valves. They can also be used in the 
construction of membranes and other devices that are to be 
brought into contact with blood or other body fluids on an 
extra-corporeal basis, for example in heart-lung machines 
or artificial kidneys. 

Additionally the polymers of the invention can be used 
to coat materials employed in down stream processing 
applications e.g. separation membranes and process 
equipment and tubing. In particular the materials of the 
invention can be used to modify the surface properties of 
biof iltration membranes in bioreactors and fermentation 
systems, where the membranes come into direct contact with 
complex biological solutions containing e.g. proteins, 
polysaccharides, fats and even whole cells. The polymers 
of the invention are particularly useful in reducing 
membrane fouling by the components of a process solution. 

When the polymers of the present invention are used to 
coat the surface of a material which is then used in the 
construction coat of finished devices, it may be necessary 
to take precautionary steps to ensure that the coated 



surface is not damaged and the effectiveness of the 
treatment reduced before the finished device is produced. 

In addition, the polymers of the present invention can 
be used to coat finished implants, prostheses, membranes, 
catheters, contact lenses, intraocular lenses, and other 
devices which are coated with a polymer according to the 
present invention to impart biocompat ibility to the 
article. 

The invention thus also provides a finished device 
comprising a surface having a coating thereon of a polymer 
of the present invention. 

Figure 1 compares scanning electron micrographs of a 
polyimide sheet treated and untreated with a copolymer of 
the invention and then contacted with blood. Figure 1. (a) 
shows a scanning electron micrograph (1200x) of an 
unsubbed, untreated poly(imide) sheet. Figure 1. (b) shows 
a scanning electron micrograph (900x) of a poly(acrylic 
acid) subbed poly(imide) sheet treated with poly 
(2 (methacryloyloxyethyl) -2 ( tr i me thy 1 ammonium) ethyl 
phosphate-co-2-aminomethacrylate) (9:1) , in accordance with 
Example 2 . 

The present invention will now be further illustrated 
by the following Examples: 
Examples 

The following assays have been used to evaluate 
coatings of polymers according to the present invention. 
Protein adsorption using an enzyme immunoassay 

The assay determines adsorption of human fibrinogen at 
a surface. This protein is representative of protein which 
is typically adsorbed at a surface. The assay can be 
readily modified to determine the adsorption of other 
proteins . 

Discs (7mm in diameter) of untreated material (as 
controls) and material treated with polymer as described 
below, were prepared and washed with phosphate buffered 
saline (PBS) for at least 10 minutes in the wells of 
microplates. The samples were incubated with human plasma 



(300/xl) for 10 minutes and then washed with PBS three 
times. Each of the test samples and each of the control 
samples were treated with human f ibr inogen-specif ic 
antibody (300/xl) for 30 minutes and again washed with PBS 
three times. As a control for non-specific binding of 
antibody to the samples, each sample was also incubated 
with non-specific antibody (300/xl) for 30 minutes. A 
conjugate of horseradish peroxidase and a second antibody 
specific to the first antibody (300/xl) was added to both 
the test samples and the controls and incubated for 30 
minutes before washing. Each of the test samples and the 
controls were transferred to new microplates and a solution 
of 2 , 2 1 -az ino-bis ( 3-ethyl benzthiazoline-6-sulphonic acid) 
(ABTS) in phosphate-citrate buffer ( 300/xl , 0 . 6mg/ml) added, 
the reaction was allowed to proceed for 10 minutes. At 
this time an aliquot of the mixture (200/xl) was removed and 
added to a solution of citric acid and sodium azide in 
distilled water (20/zl, 0.21g/ml and 2mg/ml respectively). 
The optical density of the solutions was measured using a 
Techgen automated plate reader at 650nm using the ABTS 
solution as blank. 

In an alternative procedure, rather than using ABTS, 
each of-the samples was transferred to wells of new 
microplates and a solution of o-phenylene diamine (OPD) in 
phosphate-citrate buffer (300/xl, 0.4mg/ml) added, and the 
reaction was allowed to proceed for 10 minutes. At this 
time an aliquot of the mixture (200/xl) was removed from 
each well and the optical density of the solutions was 
measured using a Techgen automated plate reader at 450nm 
using the OPD solution as blank. 

Activated Platelet Study 

Blood was collected from a healthy adult volunteer 
using the double syringe method where the first 5ml of 
blood is discarded. The blood was collected into 
tri-sodium citrate (32g/l) in the proportion of 9 volumes 
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to 1 volume citrate in plastic tubes. The samples were 
kept at room temperature on a spiral mixer until used. 

Discs (7mm in diameter) of untreated material as 
controls and material treated with polymers as described 
below were prepared and placed into the wells of a 
microplate. The samples were incubated with whole fresh 
citrated blood (200/xl) on a rotary mixer for 30 minutes 
before washing in PBS four times. Platelet activation was 
measured by a proprietary assay [Lindon, J.N. et al. # 
Blood , 68., 355 (1986)] and British Patent Application No. 
91-25721.2] . 

In an alternative procedure half of the test 
replicates were incubated with citrated blood (200/xl) and 
the remainder were incubated with EDTA-treated blood on a 
phase shaker for 30 minutes before washing in PBS four 
times. Platelet activation was measured in a manner 
similar to that described above for detection of proteins 
by enzyme immunoassay using antibodies against GMP140 to 
detect the presence of this platelet activation marker on 
the surface of biomater ials . In the presence of EDTA, 
which extracts calcium from inside platelets, 
activation is inhibited, so that incubation with 
EDTA-treated blood acts as a non-specific control for 
activation, obviating the need for incubation in 
non-specific antibody. 
Heparin Activity 

Loading of samples with heparin 

Samples of filter strips were incubated with 5 ml of 
a solution of heparin in PBS (usually 50 U/ml) . After 30 
min, the samples were rinsed for 10 sec on both sides first 
with PBS then with deionized water. The samples were dried 
on tissue paper and in air and stored at room temperature* 
Preparation of samples for heparin test 
Heparin loaded filter strips (dip-coated or removed 
from whole arterial filters) were usually incubated for 5 
hrs at 37 C in PBS/BSA 1%/NaN, 0.1% to remove unstable bound 
heparin. The samples were then rinsed with E>BS and 
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deionized water as described and dried in air. Samples of 
0.2-0-4 x 0.4 cm were cut out and tested as described 
below. 

Heparin test 

5 A chromogenic assay (Heparin CRS106, Sigma). The 

"Semi-Micro Method" described in the manual was used. 
Heparin loaded coated samples were placed in polystyrene 
test tubes. The tubes were placed into a 37°C water bath 
(5 tubes) . 200 /il of bovine factor Xa was added and the 

10 tubes were shaken. Following 1 min agitation, 200 /il 
factor Xa substrate was added to the tubes and they were 
agitated for 5 min. 200 jul acetic acid (>90%) was added to 
the tubes and the tubes were shaken. 200 fj.1 of the 
solution was removed from the tubes and added to the well 

15 of a microplate (2 wells/sample) and measured at 405 nm 
against wells containing 200 til of PBS. Previous results 
had shown that PBS gave the same absorbance reading as a 
reagent blank. The heparin activity was calculated with 
the use of a standard curve prepared with soluble heparin. 

20 

Example 1 

Preparation of polv (2 fmethvacry loy loxyethyl) -2 (trimethyl- 
ammonium) ethyl phosphate inner salt -co- 2-aminoethvl- 
methacrvlate) (9:1) 

25 2 (Methacryloyloxyethyl) -2 ( tr imethy lammonium) ethyl 

phosphate inner salt (9.96g, 0.0335 mole) was dissolved in 
methanol (115ml). Water (10ml) was added followed by the 
addition of 2-aminoethylmethacry late (0.5571g, 0.0034 
mole) . The solution was stirred (2 50 rpm) at 22°C under a 

30 stream of nitrogen (70ml/min) for 30 minutes. 
2 , 2 ' Azo-bis ( 2-methy Ipropionitr i le) 0 . 12g, 0 . 7 3mmole) was 
added and the flow of nitrogen was reduced to 9ml/min, the 
temperature was raised to 60°C. The temperature and 
nitrogen flow rate were maintained for 16 hours. 

35 The mixture was allowed to cool and transferred to 

centrifuge tubes. The samples were centrifuged for 30 
minutes at 4000 rpm. The samples were combined and the 



polymer precipitated by dropwise addition to acetone 
(800ml) • The acetone was decanted from the polymer and the 
polymer washed with acetone (200ml) . The polymer was 
isolated by vacuum filtration under a nitrogen atmosphere 
and finally dried in vacuo overnight at room temperature. 
IR (cm M ;KBr disc) 3435, 2929, 2096, 1732, 1628, 1245, 1166, 
1089, 970. 

Example 2 

Treatment of poly (acrylic acid) subbed polv(imide) sheets 

with poly (2 (methacryloyloxyethyl) -2 ( tr imethy lammonium) 

ethvl phosphate inner salt -co- 2-aminoethvlmethacrvlate) 

(9:1) > 

Poly(imide) samples were placed in the plasma chamber 
of a plasma barrel etcher and evacuated with a pump down to 
a pressure of O.OOlmbar. Oxygen was then allowed to flow 
into the reactor. The plasma was started with 90W forward 
power and nearly 0W backward. The pressure was 

approximately 0.7mbar. The plasma was turned on for 5 
minutes, then the radio frequency generator (13.56MHz) was 
switched off at the same time as the flow of oxygen 
stopped. The pressure was allowed to drop and the valve of 
the flask with acrylic acid was opened to let the monomer 
flow into the chamber (100% acrylic acid) . The vacuum was 
decreased to 0.3mbar. The high frequency generator was 
then started with 30W forward power and 0W backward power 
and- the polymerisation carried out for 20 minutes. After 
switching off the high frequency generator and closing the 
valve to the acrylic acid, the chamber was evaporated again 
for another 5 minutes to remove all of the excess monomer. 

The poly (acrylic acid) subbed poly(imide) was cut into 
4 x 1.5cm J pieces and washed with distilled water. The 
squares were then added to a 1.25% solution (6.3ml) of 
poly (2 (methacryloyloxyethyl) -2 (trimethy lammonium) ethyl 
phosphate inner salt -co- 2-aminoethy lmethacrylate (9:1). 
l-Ethyl-3 (3-dimethylaminopropyl) carbodiimide (20g) was then 
dissolved in the solution and the pH then adjusted to 5.0 



using hydrochloric acid (0.5M). After 1 hour the samples 
were removed, washed with distilled water and allowed to 
dry. 

Visualisation of platelet activation on a surface 

Blood was collected from a healthy adult volunteer 
using the double syringe method where the first 5ml of 
blood is discarded. The blood was collected into 
tri-sodium citrate (32g/l) in the proportion of 9 volumes 
of blood to 1 volume citrate in plastic tubes. The samples 
were kept at room temperature on a spiral mixer until used. 

lcm~ samples of poly ( 2 (methacry loy loxyethyl) -2- 
(trimethylammonium) ethyl phosphate inner salt -co- 2- 
aminoethylmethacrylate) (9:1) coated poly(imide) as 
prepared above and of uncoated poly(imide) as a comparison 
were placed into 1ml of the fresh citrated blood and 
incubated for 3 0 minutes on a spiral mixer at room 
temperature. The samples were then washed in phosphate 
buffered saline (PBS,pH7.4) prior to fixing in an aliquot 
of the following solution for 30 minutes. 
2ml 25% w/v glutaraldehyde 
83ml 0. 15M PBS (pH7.4) 
15ml Saturated picric acid. 

Picric acid increases the preservation of lipid- 
associated protein. The samples were again washed in PBS 
and then dehydrated using 70% and 100% methanol followed by 
100% acetone prior to drying in air. Finally samples were 
sputter-coated with a platinum target (20mAmps for 6x30 
seconds) and observed at appropriate magnifications using 
a scanning electron microscope. 

No platelet activation was seen on the coated 
poly(imide) samples whereas gross adhesion activation and 
aggregation were seen on the uncoated sample (see Fig.l)* 
The presence of the polymer on the surface was confirmed by 
the use of X-ray photoelectron spectroscopy (XPS) . It can 
thus be seen that treatment of polyamide by first coating 
with a subbing layer of acrylic acid to render the surface 
reactive, and then coating with a copolymer according to 



the present invention substantially removed the haemostatic 
reaction to the polyamide. 

Example 3 

Preparation of poly (2 (methacrvlovloxvethvl) - 

2 ! (trimethylammonium) ethvl pho sphate inner 

salt-co-3-chloro-2-hvdroxypropvl methacrylate (1:1) 

2 (methacryloy loxyethy 1) -2 1 ( tr imethy lamraonium) ethyl 
phosphate inner salt (7.46g, 25.3 mmole) , 3-chloro-2- 
hydroxypropyl methacrylate (4.51g, 2 5.3 mmole) and 
p-toluene sulphonic acid monohydrate (0.10489, 0.55 mmole) 
were dissolved in methanol (101ml). The solution was 
stirred (250rpm) at 23°C under a stream of nitrogen 
(50ml/min) for 30 minutes. 2,2 '-azo- 

bis (2-methylpropionitrile) (0.0843g, 0.51mmole) was added 
and the flow of nitrogen was reduced to lOml/min, the 
reaction temperature was raised to 60°C. This temperature 
and nitrogen flow rate were maintained for 16 hours. 

The polymer was isolated from this mixture by 
precipitation in acetone (1500ml) , vacuum filtration and 
drying. The polymer was redissolved in methanol (40ml) and 
isolated as before using acetone (1000ml). 

The resulting polymer, obtained in 62% yield was a 
white solid. 

NMR(200MHz, d, ppm, CD,OD/CDCl,) 4.2-4.4 (b) , 4.3-4.0 (b) , 
3.6.-3.8 (b) , 3.3 (s), 1.6-2. 4(b), 1.0-1. 5(b), 0.7-1. 0(b). 

IR(cm~ ! , KBr disc) 3416, 2959, 1727, 1655, 1490, 1247, 1165, 
1088, 968, 792, *748. 

Example 4 

Preparation g_f polv(2 ( methacrvloy loxvethvl) - 

2 ; ( trimethylammonium) ethyl phosphate inner salt -co- 7 
dodecynmethacry late (1:2) 

The polymer was prepared by a method analogous to that 
described in Examples 4 and 6 using 



2(methacryloyloxyethyl)-2 1 ( tr ime thy 1 ammonium) ethyl 
phosphate inner salt (8.41g, 0.0285 mole) and 
n-dodecynmethacrylate (14.319, 0.0572 mole) dissolved 5 in 
propan-2-ol (160ml) and ethyl acetate (60ml) . 

The resulting polymer, obtained in 35% yield was a 
white powder. 

NMR(100MHz / d / ppm / CD<OD/CDCl K ) 4 . 2 -4 . 4 ( b) , 3 . 8-4 . 2 (b) , 3 . 6- 
3.8(b) ,3.3 (s) ,2.25 (s) , 1.8-2. 2(b) , 1.5-1. 8(b) , 1. 2-1.5 (s) , 
0.8-1.0(s) 

IRfcnf^KBr disc) 3430, 2929, 2854, 1732, 1469, 1246, 

1156, 108, 968, 788. 
Element a 1 Ana lysis 

theory C 65.1 H9.0 N1.8 P 3.9 

actual C54.9 H8.5 N1.9 P4.4 

Relative Viscosity (chlorof orm/ethanol 50:50, 30°C) 1.18. 

The polymer may be crossl inked by gamma-irradiation or 
exposure to UV light which renders the polymer insoluble in 
dichloromethene/methanol . 

A sample of stainless steel treated with the polymer 
showed a reduction in protein adsorption of 68% 
(determined by the enzyme immunoassay described above) and 
a reduction in platelet activation of 100% (determined by 
the platelet activation assay described above, using anti 
GMP 140) compared to untreated material. A sample of PVC 
coated with the polymer showed a reduction in protein 
adsorption of 60% compared to untreated material as 
determined by the same assay technique. 

Example 5 

Preparation of polv f 2 (methacrylovloxyethvl) - 
2 1 ( trimethylammonium) ethyl phosphate inner salt, -co- 
n-dodecyl methacrylate -co- 2 hydroxyethvlmethacrylate) 
( 17:75:8) 

The polymer was prepared by a method analogous to 
Examples 4 and 6, using 2 (methacry loyloxyethyl) - 



2 ■ ( trimethy lammonium) ethy 1 phosphate inner salt 
(2-09,0.0068 mole), n-dodecyl methacrylate (7.659, 0,0301 
mole) and 2 hydroxyethyl methacrylate (0.42g, 0.0032 mole) 
dissolved in propan-2-ol (70ml) and ethyl acetate (30ml) . 

The resulting polymer, obtained in 53% yield was a 
white solid. 

NMR ( 100MHz , d, ppm, CD,0D/CDC1,) 4 . 2-4 . 4 (b) ,3. 8 -4. 2(b) ,3.6- 
3.8(b) ,3.3 (s) ,1.8-2. 2(b) ,1.5-1. 8(b) ,1.2-1. 5 (s) , 0.8-1. 0(s) 

IR(cm"\KBr disc) 3435, 2925, 2860, 1729, 1468, 1243, 
1152, 1089, 969, 791. 

A coating solution of poly ( 2 (methacry loy loxyethyl) - 
2 1 (trimethy lammonium) ethy 1 phosphate inner salt -co- 
n-dodecy 1 methacrylate -co- 2 -hydroxy ethy lmetacrylate) 
(0.5097g) in propan-2-ol (50ml) was prepared. Aluminium 
sheet was washed with propan-2-ol, hexane and water and 
dried, the coating solution (0.5ml) was applied to pieces 
of the aluminium sheet (7.5cm ) by a spin coating technique 
using a spin speed of 1200rpm. 

Example 6 

Preparation of poly (2 ( methacryloyloxyethyl) - 

2 1 ( trimethvlammonium) ethvl phosphate inner salt -co- 

methacrylic acid (7:3) 

The polymer was prepared by a method analogous to that: 
of Examples 4 and 6 using 2 ( methacry loyloxyethyl) - 
2 1 (triraethylammonium) ethy 1 phosphate inner salt 
(4 . 44g, 0 . 0149 mole), and methacrylic acid (0 . 54g, 0 . 0063 
mole) dissolved in propan-2-ol (25ml) and water (25ml). 
The polymer was isolated by precipitation in acetone 
(500ml) , redissolved in methanol (50ml) and isolated by 
precipitation in diethylether (500ml) . 

The resulting polymer, obtained in 30% yield was a 
white solid . 

NMR(100MHz,d,ppm,CD<OD/CDCl,)4.2-4 .4 ( b) , 3 . 8-4 . 2 (b) , 3 . 6- 
3.8(b) ,3.3 (s) ,1.8-2. 2(b) ,1.5-1. 8(b) , 1 . 2-1 . 5 (s) , 0 . 8-1 . 0 (s) 
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IR(cnf : ,KBr disc) 3430, 2929, 2854, 1732, 1469, 1246, 
1156, 1089, 968, 788 

This-polymer was used to treat cellulose film which 
had been treated with 2-aminoethyl roethacry late as follows: 

A section of cellulose dialysis membrane (4 x 6cm) was 
taken, , and placed into a solution of 
2-aminopropylmethacrylate (3.34g) and eerie ammonium 
nitrate (0.05g) in distilled water (20ml). The solution 
was deoxygenated with N for 10 minutes, then the vessel 
was sealed, and left at room temperature for 2 hours. The 
cellulose sample was then removed from the solution, then 
washed extensively in distilled water for 24 hours. 

The presence of amine hydrochloride moieties on the 
grafted sample was demonstrated by the differential uptake 
of anionic and cationic dyes (Trypton blue and methylene 
blue respectively) . 

Strips of the f unctionalised cellulose (0.5cm x 2cm) 
were placed in a 10% w/w solution of the polymer in water. 
The samples were left to stand at room temperature for 1 
hour, then washed extensively in distilled water (200ml) 
for 2 hours. 

Following the aqueous wash, the treated cellulose was 
placed into a solution of acid molybdate spray reagent and 
left to stand for 1 hour, then removed and washed with 
distilled water. The presence of phosphate groups on the 
sample was demonstrated by the development of a blue 
colour. 

Example 7 

Preparation of polv ( 2 rmethacrvlovloxvethvl ) - 

2' (trimethvlammonium) ethvl phosphate inn er salt-co-n- 

dodecvlmethacrvlate-co~3-trimethoxvsilvlproP Ylmethacrvlate) 

and subsequent cross-linking of cast films. 

This example illustrates the preparation of a polymer 
containing 3-tr imethoxysi ly lpropy lmethacry late for 
subsequent cross-linking, in addition to phosphorylcholine 
for biocompatibility . 
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2 (methacryloy loxy ethyl ) -2 ' ( t rime thy 1 ammonium) ethyl 
phosphate inner salt (9.6 g) was dissolved in 170 ml iso- 
propyl alcohol and stirred over molecular sieve (4A) for 
0,5 hour. The solution was then filtered into the reaction 
5 flask and 16.6 g dodecy lmethacry late and 4.6 g 3- 
trimethoxysily lpropy lmethacrylate added along with 70 ml 
ethylacetate and 0*0618 g AIBN (2 , 2 ■ -azo-bis (2- 
methylpropionitrile) ) . Nitrogen was bubbled through the 
solution for 0.5 hour and the temperature raised to 60°C. 

10 The reaction was maintained at this temperature stirring 
under a nitrogen atmosphere for 23 hours, after which the 
solution was allowed to cool and approximately half the 
solvent removed under reduced pressure. The polymer was 
isolated by precipitation into acetone and collected by 

15 filtration, drying under vacuum. Yield 17 g of a white 
solid. Coatings of the polymer were prepared by casting a 
solution of the polymer (approximately 10% w/w in methanol) 
containing 0.15 w/w on dry polymer of dibuty ltindilaurate 
on glass plates and drying at 50°c for 12 hours. 

20 Example 8 

Preparation of poly (2 (methacryloyloxyethvl) - 

2 1 ( trimethy lammonium) ethyl phosphate inner salt-co-n- 

dodecylmethacrylate-co-3-chloro-2 hydr oxypropyl 

methacrvlate) and biological testing of PE-coated films 

25 This example illustrates the preparation of a polymer 

containing 3-chloro-2 hydroxypropy 1 methacrylate as a 
cross-linking monomer in addition to phosphory lcholine for 
biocompatibility . 

2 (methacry loyl o xy ethyl ) -2 1 ( tr imethy 1 ammonium) ethyl 

30 phosphate inner salt (69.41 g) , n-dodecy lmethacrylate 
(120.85 g) , AIBN (0.3939 g) and 3-chloro-2 hydroxypropyl 
methacrylate (6.3 g) were dissolved in a mixture of iso- 
propylalcohol (1380 ml) /ethyl acetate (570 ml) and the 
solution degassed for 0.3 hour. The reaction mixture was 

35 then stirred at 60°C under a nitrogen atmosphere for 40 
hours, allowed to cool and then precipitated into a large 
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excess of acetone. The polymer was collected by filtration 
and dried. 

Films of the polymer on polyethylene sheets 
(previously cleaned in methylated spirits) were prepared by 
dip coating in a solution of the polymer in ethanol (10 mg 
ml" 1 ). Cross-linking of the films was achieved by 
incorporation of buty lammonium hydroxide in the casting 
solution (30 mg/200 mg of dry polymer) ; cross-linking was 
demonstrated by the failure of the films to redissolve in 
solvent. A fibrinogen single antibody assay showed a 
significant reduction in fibrinogen binding for both the 
uncrosslinked film and cross-linked film compared to the 
uncoated PE substrate. 
Example 9 

a) Preparation of a copolymer of HEMA -PC and allvl 
methacrylate 2:1 

20. 6g of HEMA-PC, 4.4g allyl methacrylate and 0.05g 
AIBN were stirred in 250cm' of deoxygenated ethanol at 65°C 
under a nitrogen atmosphere for 24 hours. After cooling, 
the solution was filtered and the solvent removed on a 
rotary evaporator. The resulting white powder was 
redissolved in dichloromethane/methanol (80/20) and 
precipitated in a large excess of acetone. The solid 
product was removed by decanting, filtered, reprecipitated 
again from dichloromethane/methanol and dried under reduced 
pressure at ambient temperature to yield approximately 20g 
of a white solid which was readily soluble in ethanol and 
substantially free of gel. H NMR 6(D : o>; 5.9 (olefinic CH) , 
5.4 (olefinic CH,) , 4.1, 3.8, 3.2 (NMe ,) , 1.9, 1.2 and 0.8. 
The 1H NMR spectrum was consistent with a 2:1 copolymer of 
HEMA-PC and allyl methacrylate with the allyl group being 
unreactive under the conditions of the polymerisation. 

b) Coating of Polvdimethvlsiloxane (PDMS) with MPC/AMA 
copolymer 

25 2 x lcm3 squares of PDMS sheet (20-40 Pharmelast, 
SF Medical) were treated in a plasma chamber under an air 
atmosphere at a power of 100W for 1 minute on each side. 
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They were then dip coated in a 5% w/v aqueous solution of 
MPC/AMA (previously filtered through a 0.2 urn filter) for 
5 minutes, rinsed briefly with deionised water and dried 
overnight at ambient temperature and humidity. 

Dynamic contact angle analysis ( DC A) of the samples 
was performed using a Cahn la with a borate buffered saline 
probe solution at a stage speed of 100/im/s. All results 
are quoted as average values for 5 samples. The advancing 
angle of the coated PDMS was 48 degrees and the receding 
angle was 39 degrees. For comparison, an uncoated PDMS 
sheet had an advancing angle of 105 and a receding angle of 
59. 

After cleaning with a surfactant-based contact lens 
cleaner (Miraf low, C1BA Vision) for 1 minute on each .side, 
the advancing angle of the coated PDMS sheet was 53 degrees 
and the receding angle was 39 degrees. The minimal change 
in contact angle upon cleaning is evidence for a stable 
coating. 

In previous experiments it had been shown that 
treatment of substrates coated with allyl methacrylate 
HEMA-PC copolymers resulted in additional stabilisation of 
the coating. Such a treatment may be advantageously 
applied to the products of this example. 

Example 10 

a) Synthesis of terpolvmer of HEMA-PC ;dodecvl 
methacrylate and 3 - ( tr imethoxvsi ly 1 ) propylmet hacrvlate 
2:1:0.23) 

HEMA-PC (9.74g, 33 mmol) was dissolved in isopropyl 
alcohol (108 ml) and stirred under a blanket of nitrogen. 
After 20 minutes, dodecyl methacrylate (4.19g, 16.5 mmol) 
and 3 (trimethoxysilyl) propyl methacrylate (1.05g, 4.2 mmol) 
were added in ethyl acetate (42.5 ml). Nitrogen was 
bubbled through the mixture for 30 minutes, AIBN (0.025g) 
was added and it was heated at 65°C for 3 6 hours. After 
cooling to room temperature the polymer was isolated by 
precipitation into acetone (1500 ml) . The material was 
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filtered and dried under vacuum to give the product , 
13.45g, 90% yield. 

l H-nmr- 300.13 MHz (CDC1 ../CD.OD) . 5 = 0.8-1.0 (s) , 1.0-1.2 
5 (s), 1.25-1.5 (s), 1.75 (s) , 3.2-3.4(s), 3.7-3.8 (s) , 3.9 
-4.4 (m) 

13 C~nmr- 75.47 MHz (CDC1 </CD <OD) . 6 = 14 (s), 18 (broad), 
19 (broad), 23, 25, 26, 27, 29, 30(d), 32, 45, 46, 54, 55, 
10 60, 64 (d) , 65, 66, 67, 68 

' 2 P-nmr - 121.45 MHz (CDCl./CD.OD) . 5 = 0.4997 (s) 

t>) Treatment of polypropylene with polymer 

15 An aqueous solution of sodium persulphate (10%, w/v) 

was taken and polypropylene pieces were added. The mixture 
was purged with nitrogen for 20 minutes before heating the 
mixture to 80°C for two hours whilst maintaining the 
purging. Samples were removed and then coated by dipping 

20 in a solution of the polymer made in step a) (2mg/ml) in 
ethanol. The materials were heated at 60°C for 16 hours 
prior to testing. 

Samples of treated polypropylene were incubated with 
plasma and the amount of fibrinogen determined using a 

25 single antibody ELISA assay. Coated samples were compared 
to untreated controls and the results are expressed in 
absprbance values (which are proportional to the total 
fibrinogen adsorbed on the surface) and as a relative 
percentage reduction comparing coated to uncoated samples :- 

30 Polymer treated polypropylene, mean absorbance (n = 5) 

= 0.068 

Untreated polypropylene, mean absorbance (n = 5) = 

1.214 

Reduction in fibrinogen adsorption (Coated v uncoated) 

35 = 95% 

Polypropylene strips were incubated with solutions of 
insulin and the amount of insulin adsorbed determined using 
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a double antibody ELISA assay. Coated samples were 
compared to untreated controls and the results are 
expressed in absorbance values (which are proportional to 
the total insulin adsorbed on the surface) and as a 
5 relative percentage reduction comparing coated to uncoated 
samples : - 

Polymer treated polypropylene, mean absorbance (n = 3) 
= 0.105 

Untreated polypropylene, mean absorbance (n = 3) = 

10 0.962 

Reduction in insulin adsorption (coated v uncoated) = 

89% 

c) Treatment of glass with polymer 

Glass beads were pre-washed by sonication in ethanol 
15 (2x2 mins) . After drying at ambient temperature, the 
beads were stirred for two minutes in hydrochloric acid 
(10M) . The samples were then washed with distiled water 
until the washings were neutral after which they were dried 
in air. The beads were left in a solution of the polymer 
20 synthesised in step a) (5mg/ml) in ethanol, removed and 
allowed to dry on a piece of polypropylene. The materials 
were heated at 60°C for 16 hours prior to testing. 

Glass beads were incubated with solutions of insulin 
and amount of insulin adsorbed determined using a double 
25 antibody ELISA assay. Coated samples were compared to 
untreated controls and the results are expressed in 
absorbance values (which are proportional to the total 
insulin adsorbed on the surface) and as a relative 
percentage reduction comparing coated to uncoated samples:- 
30 Polymer treated glass, mean absorbance (n = 7) = 0.110 

Untreated glass, mean absorbance (n = 7) = 0.594 
Reduction in insulin adsorption (coated v uncoated) = 

82% 

d) Treatment of polymethylmethacrylate with polymer 

35 Polymethylmethacrylate pieces were coated by dipping 

in a solution of a polymer synthesised as in step a) but 
having a slightly higher level of reactive comonomer (0.26 
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mole per 1 mole of dodecyl methacrylate and 2 moles HEMA- 
PC) (10 mg/ml) in ethanol. The materials were heated at 
60°C for 16 hours prior to testing. 

5 Samples of treated polymethylmethacrylate were 

incubated with plasma and the amount of fibrinogen 
determined using a single antibody ELISA assay. Coated 
samples were compared to untreated controls and the results 
are expressed in absorbance values (which are proportional 
10 to the total fibrinogen adsorbed on the surface) and as a 
relative percentage reduction comparing coated to uncoated 
samples : - 

Polymer treated polymethylmethacrylate, mean 
absorbance (n = 6) = 0-199 
15 Untreated polymethylmethacrylate, mean absorbance (n 

= 5) = 2.788 

Reduction in fibrinogen adsorption (Coated v uncoated) 

= 93% 

2 0 Example 11 

Quater polymers of HEMA-PC : dodecyl methacrylate: 3- 
(trimethoxv-silvl ) propyl methacrylate: 3-hvdroxv propyl 
methacrylate (23:47:5:25) 

A triple-necked round bottom flask (250ml) was 

25 equipped with a Davis condenser, a nitrogen inlet, the, 
polymerisation solvent which is ethanol and a thermometer. 
The condenser was topped with a calcium chloride guard 
tube, and a magnetic follower was added to the flask. The 
reaction system then purged using nitrogen gas. 

30 The HEMA-PC monomer was weighed and then stirred in 

the reaction solvent until dissolved. The comonomers 
were weighed and then stirred into the reaction solvent 
until dissolved. The initiator used throughout the 
polymer development was AIBN at a level of 2 w/w %, and 

35 this was dissolved into the reaction solvent. 

The solutions were then filtered under vacuum using a 
buchner funnel, into the reaction vessel. The solution 
was degassed using a constant flow of nitrogen for a period 



of twenty minutes, after which time the nitrogen flow rate 
was reduced and the temperature increased to 62C. The 
polymerisation was carried out under an atmosphere of 
nitrogen, and maintained at 62C for 

When the polymerisation had finished the heat 
source was removed and the solution was allowed to cool to 
room temperature. The solvent was removed using rotary 
evaporation techniques until the point at which the 
polymer began to foam. This solution was then further 
diluted with dichloromethane and precipitated by dropwise 
addition into acetone with constant stirring. The 
precipitate was then collected using vacuum filtration 
under a blanket of nitrogen and dried at 2 5C in vacuo for 
16 hours. 

The polymer was then cooled using liquid nitrogen 
and ground to a fine powder using an analytical mill. 
The polymer was then further dried in vacuo at 25C for 16 
hours. The yield of polymer obtained was recorded. 

Ethanol was the reaction solvent. 

The polymer product had the following properties: 

Elemental Analysis : 

C H N P Si 

Theoretical 62.59 9.91 1.37 3.02 0.60 

Actual 60.65 9.88 1.43 3.06 0.59 



Dilute Viscosity Measurements: 

Batch No. Intrinsic Relative Mv 

Viscostity Viscosity 
batch 1 0.1455 1.145 172769 

batch 2 0.1404 1.140 160919 

batch 3 0.1433 1.143 167718 

Mv is Viscosity Average Molecular Weight and is 

expressed in Daltons. 

The polymer was coated using dip coating from 

ethanol at 5 and 10 mg/ml. 



The coating speed was 3mm/min. The polymer was cross- 
linked by heating at 70C for 4 hours or longer eg 
overnight . 

The polymer was then used to coat a number of steel 
coronary devices cross linked by heating and submitted to a 
number of tests which looked at the performance of the 
hydrogel coating during in vitro testing. 

All of the SEM microscopy was carried out using a 
Hitachi S4000 field emission SEM . The samples were 
prepared by mounting on the stubs using conductive graphite 
pads. Sputter coating was not used. 

Molecular weight, radius of gyration and second virial 
coefficients for the polymers were calculated from Zimm 
plots obtained through the use of static light scattering. 
The measurements were made using a PL-LSP light scattering 
photometer starting at 30 and increasing in 15" increments. 
The polymers were measured in ethanol with toluene used as 
the reference. A ref ractometer was used to establish the 
dn/dc value for the solutions. 

Molecular weights for the polymer was found to be in 
the region of 200,000 daltons, with a radius of gyration of 
14 nm. 

The biological performance (fibrinogen adsorption) of 
the crosslinkable polymers has been shown to be good. The 
adsorption value was about 0.2 (comparative unit relating 
to absorbance in an ELISA test) for the PC polymer and 
about 1.8 for the uncoated steel. 

An important property required of the final polymer 
coating is its mechanical stability. The angioplasty 
devices undergo several deformations and stresses when 
deployed, as such any coating must respond to these 
conditions. This is demonstrated in experiments, where 
coronary stents were coated with the quater polymer and a 
more brittle coating not containing the hydroxypropyl 
methacrylate monomer. The more brittle polymer coating 
ruptures under the stresses associated with balloon 
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expansion. This is not the case when stents coated with 
the new polymer are subjected to the procedure. 

Example 12 

5 Preparation of Poly ( 2 - (Methacrylovloxvethvl) -2 ' - 

(Trimethylammoniumethyl) Phosphate , Inner Saltl -co- (n- 

Dodecvl methacrylate) -co- (2- (Methacrvlovloxy 1 ethyl 

trimethvl ammonium chloride) -co- ( 3-Tr imethvoxvsilylpropvl 
methacrvlate) 30:60:6:4 terpolymers 

10 12.1 Monomer Feed Synthesis 

The zwitterionic monomer (40.68g, 0.138mole) and 
cationic monomer ( 5 . 7 3g , 0 . 0275mole) were weighed in a glove 
box environment dried by P Or . Dodecyl methacrylate 
(69.45g, 0.273mole), tr imethoxysily 1 monomer 

15 (4 . 53g, 0 . 0182mole) and a-azo-isobutyronitr ile (AIBN) 
initiator (1.202g, 1%) were weighed in air. A 3 neck 
reaction flask, fitted with water condenser, nitrogen gas 
flow and monomer feed tubing, and primed with anhydrous n- 
propanol (60g) solvent, was immersed in a heated 90°C oil 

20 bath. The monomers and initiator were dissolved in 300g of 
n-propanol solvent and magnetically stirred in a measuring 
cylinder sealed with parafilm. The reaction mixture was 
drawn into polypropylene tubing placed inside the measuring 
cylinder and through silicone tubing via a peristaltic pump 

25 to enter the heated reaction vessel in a dropwise process. 
A complete transfer to the heated vessel took 2.25 hours. 
The. reaction was stirred for another hour. A second charge 
of AIBN initiator (0.12g), dissolved in 3ml n-propanol, was 
added and the reaction mixture was stirred for a further 50 

30 min, taking the total reaction time to 4 hours. 

Once cooled to room temperature, the reaction mixture 
was filtered through a sintered glass filter. The solvent 
was removed at 4 0"C-50'C by rotary evaporator to give a 
white foam residue that was later redissolved in 480ml 

35 dichloromethane and 40ml methanol solvent mixture and 
dropwise precipitated into 4000ml acetone. A white solid 
product settled from the acetone leaving a slightly cloudy 
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supernatant. The product was separated by Buchner flask 
and 113 Whatman wet strenghtened filter paper, and dried in 
a room temperature vacuum oven for up to 24 hours prior to 
a second workup and precipitation in acetone. The product 
5 was weighed (82. 9g) to provide a 68.9 wt% yield, bottled in 
a brown glass vial and ref ridgerated . 
Characterisation of Product 

The polymer requires by weight C 63.08%, H 10.13%, P 
3.55%, N 1.93%, Si 0.43% CI 0.81%, found C 58.1%, H 9.98%, 

10 P 3.09%, N 1.90%, Si 0.20%, ! Hnmr (400MHz, ppm, CD 3 OD:CDCl 3 
1:1 v:v) 4.34, 4.30, 3.98, 3.72, 3.38, 3.29, 3.22, 1.67, 
1.32, 0.92, 0.10. Specific viscosity of lOmg/ml solution 
in ethanol : chloroform (1:1 v:v) is 0.13. The polymer 
product was subjected to the chloride ion assay to 

15 establish the rate of inclusion of cationic monomer; 
required 4.76wt%, found 4.82wt% and 4.94wt%. 
12.2 One Pot Synthesis 

Zwitterionic monomer (4.87g, 1.65 x 10"~ mole), dodecyl 
methacrylate (8.11g, 3.19 x 10" mole), cationic monomer 

20 (0.67g, 0.32 x 10" mole) and trimethoxy-silyl monomer 
(0.53g, 0.21 x 10"- mole) were rinsed into the reaction 
vessel with 114 ml solvent mixture of 15:85 v/v% MeOH : EtOH . 
Anhydrous cationic monomer was predissolved in 3ml pure 
MeOH before being rinsed into the reaction vessel. Dodecyl 

25 methacrylate monomer was pre-columned through activated 
basic alumina (Brockmann 1 ca.150 mesh, 50g) before use. 
Dry. nitrogen gas was bubbled through for 20 minutes to 
degas the reaction mixture at room temperature before 
immersing the reaction vessel in an oil bath heated to 

30 67°C. The vessel was heated for 15 minutes prior to AIBN 
initiator (0.14g) being rinsed into the reaction mixture 
with 2ml solvent mixture. The reaction was magnetically 
stirred and maintained up a positive pressure nitrogen 
blanket sufficient to bubble through a mineral oil bubbler. 

35 The reaction time was 39 hours. 

Once cooled to room temperature, the reaction mixture 
appeared clear with a slight haze. The solvent was removed 
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at room temperature by rotary evaporator to give a white 
foam residue that was later redissolved in 50ml 
dichloromethane and added dropwise into vigorously stirred 
500ml acetone. A white solid product settled from the 
5 acetone leaving a slightly cloudy supernatant. The product 
was separated by Buchner flask and 113 Whatman wet 
strengthened filter paper, and dried in a room temperature 
vacuum oven for up to 72 hours. The product was weighed to 
provide a 91 wt% yield, bottled in a glass jar and 
10 refrigerated . 

Characterisation 

The polymer requires by weight C 62.93%, H 10.11%, P 
3.61%, N 1.95%, Si 0.42% CI 0.80%, found C 57.88%, H 
10.20%, P 3.30%, N 1.84%, Si 0.12% CI 0.78%; ^nrar (400 
15 MHz, ppm, CD,OD:CDCl, 1:1 v:v) 4.33, 4 .29, 3.97, 3 .71, 3.38, 
3.34, 3.29, 3.22, 1.67, 1.32, 0.92, 0.09; specific 
viscosity in a lOmg/ml solution of ethanol : chloroform (1:1) 
is 0.32. 
Example 13 

20 Preparation of Poly (2-Methacrvlovloxvethvl) -2 * - 

(Trimethvlammoniumethyl) Phosphate, Inner Salt) -co-n- 
Dodecvl methacrylate) -co-(2"Methacrvlovoxv) ethyl trimethyl 
ammonium chloride) -co- (hydroxy propyl methacrvlate)-co-(3- 
Trimethoxysilylpropvl methacry late) 23:47:6:20:4 polymers. 

25 13.1 Monomer Feed Synthesis 

Zwitterionic monomer (34.10g, 0.116 mole) and cationic 
monomer (6.3g, 0.030 mole) were weighed in a glove box 
environment dried by P :: Or,. Dodecyl methacrylate (60.01g, 
0.236 mole), hydroxypropyl methacrylate monomer (14.51g, 

30 0.101 mole), trimethoxysily 1 monomer (5.00g, 0.020 mole) 
and AIBN initiator (0.2409g, 0.2%) were weighed in air. A 
3 neck reaction flask, fitted with water condenser, 
nitrogen gas flow and monomer feed tubing, and primed with 
anhydrous n-propanol : isopropy 1 acetate (60:40 mass ratio) 

35 solvent, was immersed in a heated 90"C oil bath. The 
monomers and initiator were dissolved in n-propanol : iso 
propyl acetate solvent and magnetically stirred in a 
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measuring cylinder sealed with parafilm. The reaction 

mixture was drawn into polypropylene tubing placed inside 
the measuring cylinder and through silicone tubing via a 
peristaltic pump to enter the heated reaction vessel in a 
5 dropwise process. A complete transfer to the heated vessel 
took 2 hours. The reaction was stirred for another hour. 
A second charge of AIBN initiator (0.0241g, 0.02wt%) was 
added and the reaction mixture was stirred for a further 
hour, taking the total reaction time to 4 hours. Total 

10 solids content was 30 wt% in n-propanol : isopropyl acetate 
(168. 06g: 112. 08g) . 

Once cooled to room temperature, the reaction mixture 
was split into two batches. The first batch of reaction 
mixture (240ml) was precipitated by dropwise addition to 

15 vigorously stirred methyl acetate (2000ml) . The product 
was separated by Buchner flask and 113 Whatman wet 
strengthened filter paper, and dried in a room temperature 
vacuum oven for up to 24 hours. The product was rapidly 
frozen by liquid nitrogen, milled into a fine powder and 

20 further dried in a room temperature vacuum for 24 hours. 
The product (50.67g, 81.8% based on mass recovery) was 
bottled in a brown glass vial and stored at 4°C. 

The polymer requires by weight C 62. 4% , H 9.9%, P 
3.0%, N 1.9%, Si 0.4% CI 0.8%, found C 57.0%, H 9.4%, N 

25 1.7%, P 2.7%; ! Hnmr (400 MHz, ppm, CD,OD:CDCl A 1:1 v:v) 
4.41, 4.08, 3.83, 3.46, 3.40, 3.34, 2.07, 1.67, 1.43, 1.18, 
1.04. 

The product was subjected to chloride ion assay to 
establish the rate of inclusion of cationic monomer: 
30 required 5.23 wt% , found 4.66 and 4.71 wt% . 
13.2 One Pot Synthesis 

Zwitterionic monomer (3.98g, 1.35 x 10" : mole), dodecyl 
methacrylate monomer (7.009g, 2.76 x 10" mole), cationic. 
monomer (0.733g, 0.35 x 10" mole), hydroxypropyl. 
35 methacrylate (1.691g, 0.67 x 10" mole) and tr imethoxysilyl 
monomer (0.585g, 0.24 x 10" mole) were rinsed into the 
reaction vessel with 98ml solvent mixture of 15:85 v:v% 
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MeOH : EtOH . Anhydrous cat ionic monomer was predissolved in 
3ml pure MeOH before being rinsed into the reaction vessel. 
Dodecyl methacrylate was pre-columned through activated 
basic alumina (Brockmann 1 ca.150 mesh, 50g) before use. 
5 Dry nitrogen gas ..was bubbled through for 20 minutes to 
degas the reaction mixture at room temperature before 
immersing the reaction vessel in an oil bath heated to 
67°C. The vessel was heated for 15 minutes prior to AIBN 
initiator (0.14g, l.lwt%) being rinsed into the reaction 

10 mixture with 2ml solvent mixture. The reaction was 
magnetically stirred and maintained under a positive 
pressure nitrogen blanket sufficient to bubble through a 
mineral oil bubbler. The reaction time was 39.5 hours* 

Once cooled to room temperature, the reaction mixture 

15 was filtered through sintered glass. The solvent was 
removed at <40°C by rotary evaporator to give a white foam 
residue that was later redissolved in 58ml dichloromethane 
and added dropwise into vigorously stirred 600ml acetone. 
A white solid product settled from the acetone leaving a 

20 slightly cloudy supernatant. The product was separated by 
Buchner flask and 113 Whatman wet strengthened filter 
paper, and dried in a room temperature vacuum oven for up 
to 20 hours. The product was milled, further dried in a 
room temperature vacuum for 24 hours and weighed to provide 

25 a 93.2 wt% yield, bottled in a glass jar and refrigerated. 

The polymer requires by weight C 62.41%, H9.91%, P 
2.99%, N 1.70%, Si 0.47%, CI 0.89%, found C 58.45%, H 
9.45%, P 2.55%, N 1.65% Si 0.34%, CI 1.06%. ^nmr (400 
MHz, ppm, CD.,OD:CDl., 1:1 v:v) 4 .33, 4 .29, 3.97, 3.71, 3.38, 

30 3.34, 3.29, 3.22, 1.67, 1.32, 0.92, 0.09. Specific 
viscosity of lOrag/ml solution in ethanol is 0.33. The 
polymer product was subjected to the chloride ion assay to 
establish the rate of inclusion of cationic monomer; 
required 5.24wt%, found 5.16wt% and 5.26 wt%. 

35 13.3 Performance 

The polymer was used to coat arterial filter devices. 
The filter was air plasma treated for 30s prior to coating. 
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In a separate step two dispersions were made up. The first 
contained 2500U heparin (bovine lung) in PBS (2.5ml) and 
water (47.5ml). The second contained 250mg polymer in 50ml 
isopropylalcohol . The two liquid compositions were mixed 
5 together then poured into the plasma treated filter which 
was shaken vigorously for 15 minutes to ensure contact of 
all the surfaces of the device with the coating mixture. 
The mixture was then drained out and the coated device 
washed three times with water. The rinsed filter was dried 
10 and placed in an oven overnight at 50 U C to ensure the 
reactive groups of the polymer had crosslinked. 

Example 14 

Performance of polymers of examples 12 and 13 

15 Samples of polymers of examples 12 and 13 were coated 

onto arterial filters from lOmg/ml solutions in 
isopropanol. The filters were dip coated with the polymer 
solutions, which were then dried overnight. The coated 
polymers were kept at 70' C overnight to ensure complete 

20 crossl inking. The filters were then tested for their 
fibrinogen adsorption using the performance test described 
above. Some samples of filter were, after coating with 
polymer, were loaded with heparin using the general test 
described above and then subjected to fibrinogen adsorption 

25 and heparin activity tests. The control was untreated 
filter. Table 1 shows the results for reduction in 
fibrinogen adsorption as compared to the control and 
heparin activity for the heparin loaded devices. 
Comparisons are quoted for two commercially available 

30 heparin coatings Medtronic CB-M40, believed to have 
covalently (end point attached) heparin and Medtronic M-40 
believed to have ionically bound heparin, in terms of 
fibrinogen adsorption and heparin activity. The results 
show that heparin is adsorbed onto the polymer, the 

35 mechanism assumed to be an ion exchange process. The 
filters coated with the PC polymer have reduced fouling by 
fibrinogen. 



TABLE 1 



Polymer of 
Example 


Without 
Heparin 
Loading 


With Heparin Loading 


% reduction 
fibrinogen 


% reduction 
fibrinogen 


Heparin 

activity 

MU/cm 2 


Control 


0 


100 




12 


90 


82 


14 


13 


91 


88 


13 


comparison 
covalently 
bound 
Heparin 


N/A 


56 


9 


comparison 
ionically 
bound 
Heparin 


N/A 


7, 


<1 



Reference Example 1 

Preparation of 2 ( methacrvlovloxvethy 1) -2 ' ( trimethyl ammonium 
ethvl phosphate inner salt 

The preparation is illustrated by the reaction scheme 
A which follows. 

a) 2-Chloro-l , 3-dioxaphospholane ( 1) 
In a flask fitted with a pressure equalising dropping 
funnel, reflux condenser (fitted with a CaCl 2 guard tube) 
and magnetic stirrer, was placed a solution of phosphorus 
trichloride (220ml; 346. 3g; 2.52mol) in dichloromethane 
(500ml). Ethylene glycol (139ml; 154. 7g, 2.49mol) was then 
added dropwise via the dropping funnel at such a rate that 
the evolution of HC1 did not become too excessive. On the 
addition of the ethylene glycol, the condenser was arranged 
for distillation, and the dichloromethane removed at 
atmospheric pressure. When the distillate temperature 
reached 60°C the flask was arranged for 5 vacuum 
distillation using a water pump, Distillation then gave 
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2-chloro-l , 3-dioxaphospholane (158ml; 224. 5g; 71.3) as a 
colourless mobile liquid (which fumes in moist air) b.pt. 
36-40°C/21mm Hg . [cf 45 . 5-47°C/20mm Hg , Lucas et al , J. Am. 
Chem. Soc, 72, 5491, (1950)]. 

IR (cm" 1 , thin film) 2980, 2905, 1470, 1210, 1005, 930, 813, 
770. 

b) 2-ChlorO'2-oxo-l, 3 , 2-dioxaphospholane (2) 

In a flask fitted with a magnetic stirrer, reflux 
condenser (fitted with a CaCl. guard tube) and sintered 
glass gas inlet tube, was placed a solution of 
2-chloro-l, 3 , 2-dioxaphospholane (100. 8g; 0.797mol) in dry 
benzene (200ml) . The solution was stirred and a steady 
stream of oxygen was bubbled through the solution. The 
reaction was mildly exothermic, and temperature control was 
achieved by allowing the solvent to reflux. The oxygen was 
passed through the reaction mixture for 6 hours. The 
solvent was removed by rotary evaporation, and the 
colourless mobile residue distilled to give 
2-chloro-2-oxo-l, 3 , 2-dioxaphospholane (2) (87.41g; 77%) as 
a colourless mobile liquid -b.pt 95-97 °C/ 0 . 2mbar [c.f. 
102 . 5-105°C/lmbar (Edmundson, Chem. Ind. (London)), 1828 
(1962); 79°C/0.4mbar (Umeda et al . , Makromol. Chem. Rapid 
Commun., 3, 457, (1982)]. 

IR(cm^, thin film) 2990, 2910, 1475, 1370, 1310, 1220, 
1030, 930, 865, 830. 

c) 2 ( 2-Oxo-l . 3 . 2-dioxaphospholan-2-vloxy) ethyl methacrvlate 

In a flask fitted with a magnetic stirrer, low 
temperature thermometer, and a pressure equalising funnel 
fitted with a silica gel guard tube; was placed a solution 
of 2-hydroxyethylmethacrylate (20.00g, 0.154mol) and 
triethylamine (15.60g; 0.154mol) in dry diethyl ether 
(300ml) . The solution was stirred and cooled to between 
-20°C and -30°C. A solution of freshly distilled 
2-chloro-2-oxo-l, 3 , 2-dioxaphospholane ( 2 ) (21. 9g; 0.154 mol) 
in dry diethyl ether (20ml) was then added dropwise over 30 
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minutes, the temperature being held at -20°C during the 
addition. Stirring was continued at this temperature for 
a further 1 hour and then for a further hour as the 
reaction mixture was allowed to warm to room temperature. 
The precipitated triethy lamine hydrochloride was removed by 
filtration, and was washed well with dry ether. The ether 
was removed from the combined filtrate and washings by 
rotary evaporation. The cloudy oil residue was then shaken 
for 5 minutes with dry diethyl ether (50ml) to precipitate 
a further 

crop of triethylamine hydrochloride, which was again 
removed by filtration. Removal of the ether on the rotary 
evaporator gave (3) (34.18g; 94.3%) as a colourless viscous 
oil. IR (cm" 1 , thin film) 1720, 1640, 1450, 1360, 1310, 
1290, 1170, 1030, 930, 850. 

NMR (CDC1,; 60MHz, 6 ppm) 1.95 (s,3H), 4.25-4.70 (m,8H), 
5.70 (m,lH), 6.25 (m, 1H) . Rf 0.9 (SiO,, eluting with 10% 
methanol: 90% dichloromethane ; spot visualised with 
molybdenum blue spray reagent and with iodine vapour) . 

d) 2 (Methacrylovloxyethvl) -2 1 ftrimethv lammonium) ethvl 
phosphate inner salt (4) . 

The phospholane (3) (67.20g; 0.285 mol) was dissolved 
in 100 ml of dry acetonitrile , and placed in a heavy walled 
tissue culture bottle. The phospholane solution was then 
treated with a solution of anhydrous trimethylamine 
(25.74g; 0.436 mol) in dry acetonitrile (100ml). The 
vessel was then sealed, and placed in a water bath held at 
50°C for 30 hours. The vessel was opened, and the solution 
brought to the boil. The solution was filtered whilst hot, 
and then set aside for crystallisation. 

The product was collected by filtration, and most of 
the solvent removed by suction. The wet product was then 
washed thoroughly with anhydrous ether, then dried under 
reduced pressure, to give (4) as a white amorphous, 
hygroscopic solid (51.16g; 61%) . Evaporation of the mother 
liquor gave a very viscous oil (20.00g; 23%), from which 
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further product (4) crystallised on standing at -200C. TLC 
(silica gel plates, eluting with me thano 1 / d i chloromethane 
(1:1 v/v) ) showed one spot Rf 0.1, which was revealed with 
Dragendorf f 1 s reagent, Molybdenum blue spray reagent, and 
iodine vapour. IR(cnf ! 1720, 1640, 1320, 1300, 1230, 1170, 
970, 750. 

NMR (D 2 0; 60MHz; 5 ppra) 2.0 (s,3H), 3.27 (s,9H) 
3.60-4.50 (m, 8H) , 5.80, (m, 1H) and 6.25 (m,lH). 
CHN Found: C 42.98%, H 7.88%, N 4.42%, P 10.51%. ON 

Theory: C 44.75%, H 7.46%, N 4.75%, P 10.51%. 

Reference Example 2 
Dodec-7-vn-l-ol Methacrvlate 

To dodec-7-yn-l-ol (25g) in dichloromethane (60ml) was 
added distilled tr iethy lamine (14.1g). The mixture was 
cooled in an ice bath (0.5°C) and stirred as distilled 
methacryloyl chloride (16. 2g) in dichloromethane (50ml) was 
added over 10 minutes. The temperature of the reaction was 
allowed to warm to ambient and the mixture stirred for two 
hours. Water (150ml) was added and the organic layer was 
removed and successively extracted with water (2 x 150ml) 
and saturated sodium bicarbonate solution (2 x 150ml), 
washed with brine (150ml) and dried over anhydrous sodium 
sulphate. The solvent was removed under reduced pressure 
to give a pale yellow oily liquid which was distilled under 
reduced pressure (0.18 mBar, 106-110°C) in 

the. presence of copper (1) chloride to give dodec-7-yn-l-ol 
methacrylate, 17g, 50% yield. 

^-NMR (200MHz, d,ppm,CDCl,) : 0.90 (t,3H), 1.45 (m, 10H) , 
1.70 (m,2H), 1.95 (s,3H), 2.15 (m,6H), 4.15 (t,2H), 5.55 
(S,1H) , 6.10 (s, 1H) . 
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Reaction Scheme A 
Step fa) 
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Steps (a) to . (d) correspond with the steps in Reference 
Example 1. 
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Reaction Scheme B 
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Reaction Scheme C 




'CH,C1 +" HO(CH 2 )«OH 



CH z O(CH 2 ) 4 OH 
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